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VjX PE ft f MENTAL RAT ("ARIES 

I. PRODDC/TION OF HAT CARIES IN THE PRESENCE OF ALT, KNOWN 
NUTRITIONAL ESSENTIALS AND IN THE ABSENCE OF COARSE 
FOOD PARTICLES AND THE IMPACT OF MASTICATION 

RE I DAE FAUSKE SOGNNAES 
Harvard School of Dental Medicine , Boston , Massachusetts 


SIX FIGURES 

(Recehed for publication March 13, 1948) 

Considerable evidence, reviewed elsewhere (Hodge and 
Sognnaos, ’4(i), indicates that the conventional type of ex- 
perimental rat caries is initiated by mechanical injury to the 
teeth caused by tbe masticatory impaction of coarse food 
particles. Indeed, 1 author (Rosebury, ’39) included all work 
on rat caries when he concluded that “the appearance of fis- 
sure caries among a group of animals, in whatever degree, is 
definite evidence that such a primary cause was present,” 
and went on to formulate the concept that “dental caries in 
man is caused primarily by such food,” i.e., by the impaction 
of coarse food particles. 

Recent experimental and clinical studies (Sognnacs, ’47, 
’4Ka, b) were not compatible with such generalization of an 
oral environmental mechanism. From further experiments 
with the rat, additional evidence can now be presented to show 
(1) that rat caries can bo produced by a ration which, besides 
being adequate in known nutritional essentials, is free from 
coarse food particles; (2) that the carious lesions will develop 

1 The lerni “rat caries” refers here to the problem of caries production in the 
ordinary laboratory rat (Mas Norvetricus), and does not include the lesions 
produced in the newer experimental rodents (cotton rats, Syrian hamsters). 

1 
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even if the rat molars are relieved from tile impact ot ma>ti 
cation; and (3) tlmt the lesions are grossly and histologically 
comparable to human caries. 


EXPERIMENTAL 

1. The properties of the caries-cmid mire purified 

ration 

The nutritional and physical composition of tin* purified 
ration is shown in tables 1 and 2, respectively. Xulrilionally. 
this ration is essentially the same as that which, with the 
addition of ascorbic acid, has been found to produce good 
growth and health in the rhesus monkey fWaisman ef ah. '43) 

TABLE l 


Compomfitnt of the caries-eoiuhtcivi pnrijint ration 


COMPONENT 

AMOUNT 

eoMiMiNi.x r 


UH'l N 

Sucrose, granulated (7r i 

1 

67 

Vitamin# 



Casein (%) 

24 

Thiamine (p.p.m.) 


.",.5 

Corn oil (%) 

5 

Riboflavin (p.p.m.) 


!!..) 

Salt mixture 1 ( ( /c *, 

4 

Nicotinic acid (p.pi 

in.) 

n 

Calcium ( ) 

0.53 

p-Aminobenznie acid 

MM' 

.III. 0M«:i 

Phosphorus (%) 

0.55 

Pantothenic acid (p 

.p.m. 

* 2'* 

Magnesium { c /< ) 

0.033 

Pyridoxinc ( p.p.m.) 



Iron (p.p.m.) 

150 

TnoHitol (ppm.) 


1 mho 

Manganese (p.p.m. i 

50 

Choline (p.p.m.) 


pun. 

Copper (p.p.m.') 

15 

Vitamin A 1 

bills 

''/Ill 1 ."n.o 

Cobalt (p.p.m.) 

0.(55 

Vitamin !> ( r.M.I*. \ 

blits 

’•MU' l..t 

Potassium ( r /< ) 

0.45 




Sodium (%) 

0.44 

Iiiver concent rate (‘ 


I 

Chlorine (9 $■) 

0.76 




Iodine (p.p.m.) 

20 




Zinc (p.pra.) 

30 




Sulfur (p.p.m.) 

480 




Pluorine (p.p.m.) = 

2.5 





1 Modification of Phillips and Hart's salt mixture (J. IJiol. (’horn.. In!*: or»7. 
1935) b y Shaw, J. H. (J. Dental Res., 36: 47-51, 1947,. 

“This trace element is not added for general nutritional purposes but is tint* to 
minor impurities of the carbohydrate fraction and the salt mixture ('Shaw ef a!.. 
Proe. Soc*. Exp. Biol. Med., oO : 89-92, 1945, and personal cmnmunicat ion 
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Ju tlio rodents, the identical purified ration has, in addition, 
been found to promote good reproduction, which is partic- 
ularly true of the rat, with which species this and the preceding 
work with the purified ration (Sognuacs, ’47, ’48a) is mainly 
concerned. The present series of rat experiments lias been 
started with a ration adequate in all known essentials. Many 


, TABLE 2 

The par (irh xizr of lltr carirs-covducin purified ration 


COMPONENTS 

Qt V NT TTY 


PERCENT \(!K IUSTIU ItlTToN ()? PARTICLES 
(Kin/ 1 ( mi gm Miinplo) 


Over 20 
mesh 

20-40 

4o-fi0 

(10-80 

80-1 00 

BpIow 

100 

Granulated 








cano sugar 

(57 

O.M 

no. 2 

42.4 

32.0 

P,.4 

2.7 

Casein fund 








TVvitamins) 

21 

0 

20.0 

42.2 

12.S 

n.2 

oc 

Salt mixture 

1 

o o 

18.1 

12." 

4.n 

fi.fi 

117. 4 

Corn oil (and 








fat soluble 
vitamins') 

.1 

0 

0 

0 

0 

0 

(15) 

All oompommts 

I no 

o.;; 

•*w 


11 

4 

7 ( & * 

Portion requiring 








mastication 

‘21 

a 1 

0 

10 


3 

4 


1 This fraction (‘'institutes lio** of 1 !u* coimml ionnl curios producing coarse moal 
nil ion, 1 lie* rmnparathp partieh* stop of which is reported elsewhere (Sognnacs, 
I?. I'\: ‘Masticatory efiieieiiry of rats (IT), Am. J. Ortliod. and Oral Kurg., L f 7 : 

inti). 

Factors whicii arc present in natural foods, but whose nu- 
tritional importance is still unknown, are absent from the puri- 
fied ration. This is in contrast to earlier rat caries work where 
the inclusion of powdered milk, alfalfa, linseed meal, whole 
corn, or rice particles (coarse rations) no doubt added un- 
known quantities of unknown trace elements, the confusing 
presence of which fortunately could be ruled out in this series 
of studies. 
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The purified ration has a physical composition such that it 
literally melts in the mouth. But for the sake of present or 
future comparisons with other caries producing rations, the 
particle size distribution has been expressed by actual measure- 
ments. It is shown in table 2 that the purified ration is essen- 
tially free from particles over 20-mesh and that a total of 
only 24% of the ration lends itself to some degree of masti- 
cation, while no fraction actually requires extensive mastica- 
tion since it is readily dissolved by or suspended in saliva. 
The particle size of the previously used coarse caries produc- 
ing diets has been analyzed elsewhere (Sognnaes, ’41). In 
these, the hard corn or rice particles, too large to pass a 
20-mesh screen, represented 60% of the experimental ration 
(Hoppert, Webber and Canniff, ’31). Particles over 20-mosh 
would correspond to a volume practically as large as the 
molar crowns of the rat. During the mastication of such a 
coarse ration, it was therefore not surprising that fractures 
of the molar cusp ensued, because 20-mesli particles would 
be too large to be properly masticated by the molars and, on 
the other hand, too small to be manipulated easily with the 
rat’s forelegs and gnawed upon by the incisors. 

Besides the absence of coarse food particles in the purified 
ration, the rats in the present as well as in the other mosl 
recent studies by the author were kept in screen bottom cages. 
Thereby the possibility is eliminated that accidental lootli 
fracture and food-impaction might be caused by the rat’s 
mastication of wood shavings, the use of which as bedding 
has not always been stated but deserves consideration in the 
evaluation of this type of experiment. The latter precaution 
as well as the fine consistency of the purified ration would 
seem to satisfactorily rule out traumatic factors in the pro- 
duction of caries in animals kept under such a regimen. 
Nevertheless, in view of the wide acceptance in the past 
of a mechanical factor as the initial cause of rat caries, 2 
experiments have been carried out, in which the parts played 
by the impact of mastication and the physical coarseness of the 
ration have been completely eliminated. 
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Production of rat caries in absence of mastication 
and coarse food particles 

In both experiments to lie reported, representatives of the 
Long - Evans strain of ill us Norrccjicus were fed the purified 
ration described above. The carbohydrate fraction consisted 
of sucrose, in the form of granulated cane sugar, except for 
1 series in the second experiment in which the sucrose fraction 
was replaced by dextrin. For the first experiment (table 3), 
a litter of 0 rats was weaned at 26 days of age, at which time 
the animals were transferred from the stock diet 2 to the 
purified ration for the duration of the experiment. When the 
rats were 30 days old, the mandibular right molars of each 
animal were relieved from the impact of mastication by an 
extraction method described elsewhere (Sognnaes, ’41). The 
first and second right maxillary molars were extracted, while 
the third molar was left to maintain the occlusal level. In 
this way is prevented the remote possibility of any “occlu- 
sion” between the edentulous part of the maxillary process 
and the opposing first and second mandibular molars, which 
arc flu* most caries susceptible teeth in the rat. With these 
precautions, it was assumed that a reliable comparison could 
be made between the mandibular right and left first and second 
molars within each animal with respect to the effect of the 
degree of masticatory impact on the caries production. 

For the second experiment (table 4) 3 litters of 28 rats wore 
list'd, representing 2 closely related groups which had been 
maintained on the purified sucrose ration for 1 and 2 gener- 
ations, respectively. luttormates were divided at. weaning, 
from which time one-half of tin 1 rats received the purified diet, 
and the other half was fed a diet which contained coarse 
dextrin instead of sucrose as the carbohydrate component of 
the purified ration. In this experiment, all animals had a full 
complement of teeth. The results are based upon a comparison 
of the caries incidence of littermat.es as revealed by the 
binocular examination. When sacrificed, the jaws of the 


3 TMirina laboratory cliow. 
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animals in both experiments were fixed in 10 r /i formaldehyde, 
examined under a binocular microscope (30 X)i and prepared 
for histological study. 

In the extraction experiment (presented in table 3) a com- 
parison is made between the distribution of grossly visible 
cai’ious lesions in the right (experimental) and left (control) 
mandibular molars. In the 5 animals sacrificed after To days 

TABLE 3 


A comparison of the bilateral distribution of rat cartes trtilt and iviihout 
masticatory impaction of the purified versus a coarse ration 


PRE- 
EXPERI- 
MENT AL 
PROCEDURE 

EXPERIMENTAL 

NO. OF CARIOUS AREAS IN 

LOWE 

R .1 \\\ 

r inol.tr 

III 

Total 

Left molars 


l 

high 

11 

Ration 

Period 

t ir 

nr 

Total 



days 








Group A 

Purified 

75 

0 0 

0 

0 

0 

0 

li 

0 

(The right 

Purified 

75 

0 0 

0 

0 

1 

0 

0 

1 

I and II 

Purified 

75 

0 0 

0 

0 

1 

1 

0 


molars 

Purified 

75 

0 0 

0 

0 

1 

1 

0 


of the 

Purified 

75 

1 0 

0 

1 

1 

1 

II 


upper 










jaw ex- 


75 

(average ) 

.2 




1 A 

tracted) 

Purified 

130 

0 1 

0 

1 

1 

1 

(1 



Purified 

130 

1 1 

0 

o 

1 

1 

,0 



Purified 

130 

2 1 

0 

** i 

o 

o 

(1 

4* 


Purified 

130 

2 2 

0 

4 

1 

1 

(1 

- 



130 

(average) 

2.5 




2.5 

Group B 1 2 

Coarse 









(The right 

corn 

100 

0 1 

0 

1 

0 

0 

0 

(1 

I, II 

Coarse 









and III 

corn 

100 

0 1 

0 

1 

0 

0 

0 

0 

molars 

Coarse 









of the 

corn 

100 

0 2 

(1 

o 

0 

0 

(1 

0 

upper 

Coarse 









jaw ex- 

corn 

100 

1 2 

0 

3 

0 

0 

(1 

0 

tracted) 

Coarse 










corn 

100 

1 3 

0 

4 

0 

0 

II 

0 



100 

(average) 

2 2 




0 


1 The carious lesions of this animal are shown in figure 1. 

2 This part is quoted from 1 1 Mastication and experimental rat caries” ( Part TV) 
hr Sognnaes, B. F., Am. J. Orthod. and Surg.. Q7 ; 552-55(1, 1941. 
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on the purified ration, binocular examination revealed no vis- 
ible carious destruction of the left molars. This finding is in 
agreement with the previously mentioned work in which rats 
with a full complement of teeth were fed for a similar period 
of time after weaning. In the right (experimental) molars, 
which were without functional occlusion, there were on the 
other hand 1-2 gross lesions in ail but one of the same group 
of animals and obviously after the same period of time. Con- 
sequently, there appears to be an increment rather than a 
decrease in caries in the absence of masticatory function. In 
the littermates which were continued on the experiment, the 
number of carious lesions increased considerably beyond the 
incidence encountered in non-operated rats with a similar 
dietary history. After a total of 1.‘10 days, the caries incidence 
became equal and quite marked on both sides of the jaw. 
Figures 1 and 2 illustrate the very similar amount of carious 
destruction in the left and right mandibular molars, i.c., those 
with and without opposing teeth, respectively. The illustra- 
tions are from an animal which was marked and compared 
with ith littermates in table 2. 

For the sake of comparison, table o also records (group B) 
the distribution of lesions produced in rats fed a coarse corn 
ration used in an earlier extraction study which was similar 
except for the diets. On such a coarse ration, the removal 
of the impact of mastication completely prevented caries 
(ttogmiaes, ’41; (Sinn, ’42) while on the 1 purified ration, the 
reduced masticatory function appears to have enhanced the 
initiation of carious lesions. Tin* filial bilateral distribution 
of caries may indeed have been influenced by a general im- 
pairment of function of till* jaws. But aside from tbe caries 
incidence, there was no evidence that the impairment of nor- 
mal masticatory efficiency affected the ingestion and utiliza- 
tion of the purified ration as far as could he determined by 
growth and general health. 

The second experiment (table 4) shows that the inclusion 
of a coarser carbohydrate fraction in the purified ration is 
not caries conducive /ter sc. In view of previous data oh- 
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tained witli the coarse corn diet, consideration of the physical 
nature alone would indeed suggest the opposite. In the- l’> 
rats fed the coarser dextrin ration, there was significantly loss 
caries than in their 12 littermates fed the finer sucrose ration 
for a comparable period of time. This experiment lends 
further strength to the material presented elsewhere (Kogn- 
naes, ’47, ’48a), on the basis of which it must be interpreted. 
There is a much greater cariogenic effect of sucrose than of 
dextrin when a change from one to the other is made post- 
eruptively. The great difference in caries in the 2 generations 
lends further support for a mechanism, operating before tooth 
eruption, and resulting in an increase in caries with the length 
of time of matenial maintenance on the purified ration. For 
our present purpose, it is evident that during such a period 
of non-function of the teeth, the mechanism of masticatory 
or traumatic injury of the enamel can have no conceivable 
direct bearing upon the initiation of caries. From the above 
experiments it may therefore be concluded that mechanical 
injury is a minor factor, if any, in the production of experi- 
mental rat caries of the nature reported by the writer in this 
and in the other most recent experiments with the purified 
ration. 


3. Description of the carious lesions 

Binocular examination of the carious molars (figs. 1 and 2) 
reveals a low degree of attrition, presence of undermining 
cavities and absence of fractures of the cavity walls and cusps. 
The high cusps are illustrated by the overall view of tin* sec- 
tion shown in figure 3, which is representative of a 3-month 
old rat, raised on the purified ration. In contrast to lesions 

Figs. 1 and 2 Left (1) and right (2) mandibular molars of rat. indicated by 
footnote 1 in table 3. Top: lingual view, showing abseuce of fractures anti attri- 
tion in the non-functioning right first and second molars. Bottom; occlusal view, 
showing similarity in the extent of carious destruction in tlie loft (control) 
and right (experimental) teeth. 

Figs. 3 to 6. Gram stained paraffin sections, showing occlmsal caries in the 
first and second molars (fig. 3, X 10), spheroid organisms invading the enamel 
(fig. 4, X 1200), lateral spread in dentin (fig. 5, X' 200) and microorganisms 
filling the dentinal tubuli and their branches (fig. 6, X 1000). 
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TABLE 4 

Litter mate comparison of molar caries in sited edinp ip m rations of rats with 
masticatory function intact but postcruptircli/ fed the purified fin* 
(sucrose) versus a medium-coarse (dextrin ration 


GROUP 

I'RE-EXrERlMIiJSrTAL 

HISTORY 

post- mm arm: 

EXPERIMENT \Ij 
PERIOD 

< \liloiis seem: or miiemn 
Post KKIM’TIVI.I.Y I.XI'O.-U* 

’I O 

Sucrose b<‘\triu 

ration ration 



days 



I 

Transferred from 

1H0 

0 



stock diet to purified 
ration at maturity 




II 

Mother as well as 

100 

0 


(Litter of I) 

litter subsisting 

100 

1 

(1 


on purified ration 

100 

o 

ft 



(avei 

I’Oge) 1 

ft 



mo 

o 




130 

2 

- 



130 

4 

t) 



mo 

7 

1 



(avei 

‘‘•‘I iio) 0.7 


III 

Grandmother as well 

100 

« 

0 

(Litters of 

as mother and 

100 

s 

1) 

siblings 

litters subsisting 

100 

0 

I 

of IT') 

on purified ration 

100 


1 



100 


1 



100 

1) 

(» 



ion 

0 

fi 



100 

12 

f 



100 

_ 

II 



100 


2 



100 


;* 


(average) 0.1 ,K 


1 I n tllis ration the sucrose fraction was replaced by dextrin, which ai*t<*r soaking 
in water was dried and ground to particles, 40% of which wore over 20 mesh. 
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produced by coarse diets, initial lesions in the enamel produced 
by. the purified ration occur without fractures. Even on the 
lateral wall of the cusps, where fractures are very unlikely, 
regardless of the ration, there is evidence of early invasion of 
the enamel (fig 1 . 4). In the described type of lesions, the den- 
tine in the bottom of the cavities is usually very soft, more or 
less pigmented, and invaded by microorganisms. Following 
the dental tubuli and their branches, the process eventually 
spreads laterally causing large decayed clefts in the dentine 
(fig. 5). Under oil immersion, Gram stained sections reveal a 
spheroidal type of microorganism, both in the enamel (fig. 4) 
and in the furthest extension of the lesions into the dentine 
(fig. 6). 

If the described lesions are compared with caries in man, 
the great similarity is obvious. Undermining cavities, soft 
pigmented dentine, lateral spread and cleft formation, in- 
vasion of the enamel as well as the dentinal tubuli by micro- 
organisms with “pioneer-bacteria” invading the deepest 
layers, can be regularly demonstrated in the rat caries pro- 
duced on the purified ration. Counterparts of the above 
description of the experimental lesions as well as the accom- 
panying illustrations can be found in most textbooks on the 
histopathologv of human caries. 

COMMENT 

In view of these results, the earlier type of rat caries pro- 
duced by coarse rations seems to be explained by a coinci- 
dental choice of a food particle-size which could not be handled 
by the rats without mechanical injury to their molars. This 
does not detract from the importance of Hoppert, Webber 
and (kuiniff’s work to the development of an experimental 
approach to the caries problem. Indeed, their method of 
caries production in the rat has been for over a decade a 
unique and useful in rtro adjunct to other means of eluci- 
dating factors influencing the progress of dental caries. As 
has been shown elsewhere (Hodge and Sognnacs, ’4(5), this 
is particularly true of studies on the relationship of fluorine 
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to dental caries. But beside the artificial nature of “fracture 
caries” itself, the coarse corn rations by which these lesions 
are produced are composed of a variety of food sources of 
indefinite and indeed variable composition with respect to the 
known and unknown essential nutritional factors. In addition, 
no one essential nutrient can be experimentally varied through 
a wide range of concentrations independently of all other nu- 
trients. By way of comparison, the composition of Ihe puri- 
fied ration is standardized and any nutrient can be inde- 
pendently altered at will. Thus, the purified ration permit s the 
examination of the function of specific food factors in the 
etiology of caries which cannot readily be achieved by a diet 
composed of natural foodstuffs. 

The pattern of caries production in rats fed the purified 
ration seems more suggestive of a nutritional mechanism 
operating during tooth development than of a purely physical 
mechanism operating during function of the teeth. Work 
is now in progress to test the importance to dental health 
of food factors not included in the otherwise adequate puri- 
fied ration. For the present, it is difficult to conceive the 
nature of a nutritional depletion unless more evidence can 
be brought forth to show that the teeth arc particularly sen- 
sitive (at least during their developmental period) to as yet 
unrecognized nutritional injuries. Therefore, at the present 
time, it is not possible to explain the results of our rat ex- 
periments by a deficiency in tbe amount or ratio of any group 
of nutrients, let alone by the lack of a specific trace element 
such as fluorine, the true significance and mechanism of which 
— as a caries modifier or as a nutritional essential — remains 
to be established. 


SUMMARY 

Evidence has been presented that a purified ration, ade- 
quate in known nutrients, is conducive to rat caries inde- 
pendently of the presence of coarse particles and the impact 
of mastication. Demonstration of a caries producing mech- 
anism operating before tooth eruption, tbe absence of enamel 
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fractures and attrition, and the persistence of weakly sup- 
ported overhanging 1 enamel walls surrounding undermining 
caries, all tend to indicate that the described lesions are not 
caused by mechanical injury of the teeth. No difference can be 
found between the histopathology of the rat caries here pre- 
sented and presently established findings in man. 
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For more than 2,1 years dog owners in this country as well 
as in England have observed in their animals the frequent 
occurrence of an affliction termed variously canine hysteria, 
fright fits, or running tits. The etiological agent has been 
demonstrated hv Mellanby (’4(>) to be flour treated with an 
“improving” agent - known as agene. Agene is defined as 
1 % NCI., in air saturated with water vapor. The purpose of 
agene treatment is to alter the baking characteristics of 
freshly milled flour, thereby rendering it immediately usable 
in modern baking equipment, and eliminating the necessity 
of prolonged storage. The process has been in increasingly 
common use for over 25 years. While at the time of Mel- 
lanby ’s report an estimated! 80% of the flour used for baking 
purposes in this country was agene-t rented, the use of this 
agent has now been materially reduced. 

1 Presented before 1 1n* Division of Agriculture ami Food Chemistry at the 
I12fh Meeting of the American Chemical Society on September 18, 1047, in Now 
York, N* Y., mid reused by the hiHorlion of references to subsequent findings. 

4 Tin* term u improving agents” is the technical designation in the milling in- 
dustry for chemicals added to flour for artificial ageing and/or bleaching. Tn 
** Definitions and Standards for Food’’ (Federal Security Agency Service and 
Regulatory Announcement, Food, Drug, and Cosmetic no. 2) permitted optional 
ingredients for blenching and/or ageing are oxides of nitrogen, chlorine, nitrosyt 
chloride, nitrogen trichloride, and benzoyl peroxide. Potassium bromato not in 
excess of Id ppm is an optional ingredient in high protein flours. 
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Following the publication of Mellanby’s original report, 
papers have appeared in this country and "Ragland both con- 
firming his observation and extending the understanding ot 
the phenomenon. Moran (’47) has shown that NUT, reacts 
with gluten, casein, zein and gelatin producing substanee.- 
which give rise to canine hysteria, and further that the toxic 
principle cannot be separated from the protein fraction by 
extraction with organic solvents. These results have been 
confirmed by both Silver et al. (’47a, b) and Newell ef al. 
(’47) who in addition have reported that, monkeys exhibit 
abnormal encephalograms when fed agene-treated flour. Silver 
et al. (’47e) have also stated that the amino acids cysteine 
and cystine when treated with N01 a and administered intra- 
venously to clogs produce the same electroencephalograph ie 
seizure patterns characteristic of fright fits. A second paper 
by Mellanbv (’47) has shown ferrets to be susceptible to the 
actions of agenized flour. 

The woi’k of this laboratory on the problem was begun soon 
after tlie appearance of Mellanby’s original report and was 
directed toward tlie following objectives: (1) To determine 
if bread made from agene-treated flour is toxic; (2) to deter- 
mine whether other treatments commonly used or suggested 
for use in bleaching or in improving the baking qualities of 
flour also render it toxic; and (3) to assess the possible hazard 
of agene-treated flour for human beings. 

A brief description of the syndrome "termed fright or run- 
ning fits as produced in dogs by agene-treated flour is in 
order. The first observable symptoms are general lethargy 
and muscular incoordination. As the degree of poisoning be- 
comes more advanced, a second stage of the disorder niaui 
fests itself in the form of attacks of hysteria in which the 
animal behaves in a thoroughly panic-stricken manner, throw- 
ing itself against the sides of the cage, clawing the air and 
bowling piteously. If unconfined, it will run wildly about 
bumping into all objects in its path. These attacks may be of 
only fleeting duration or may last for a number of minutes. 
The dog usually recovers as suddenly as it is stricken. In verv 
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severe poisoning’, a third stage of the disease develops which 
is characterized by frequent epileptiform or tonic-clonic con- 
vulsions. These may become very severe and almost continu- 
ous until death occurs. In the experiments to he described, 
only the occurrence of the second or third stages, that is, 
actual tits or convulsions, was considered a positive result. 

EXPERIMENTAL 

A (fane-1 rcaictl flour and bread. Eighteen young mongrel 
dogs were divided into 4- groups. Group I consisting of 6 

TABLE X 


Dirts usffl in doff feeding experiments 



DIET A 

DIET B 


firm or ml 

(tm, or rill 

Kloiir 

150 

250 

or 



It road 1 

225 


Milk powder 

20 

40 

Liver 

. . 

10 

Horsemen 1 

15 


Yeast 

7.5 

7.5 

fin It 

1 

1 

(lorn oil 

10 

20 

Halting powder 

. . 

10 

Tod liver oil 

2.5 

2.5 

Water 

150 

150 


of bread lift* tin* equivalent of 150 gm of flour. 


dogs was fed Hour with 1.4 gm of agene per 1001b.; group TI 
likewise consisting of <> dogs was fed untreated flour; group 

III consisting of .‘1 dogs was fed bread made by standard 
baking procedures from the flour used for group I; and group 

IV also consisting of I! dogs was fed bread similarly made 
from untreated flour. The diet used in this experiment was 
diet A in table 1. The rations containing flour were prepared 
daily by cooking in live steam for 90 minutes shortly before 
feeding. The diets containing bread were not cooked. The 
dogs were fed daily for a period of f> weeks. They consumed 
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20 to 40 gm of flour per kilogram per day. The results are 
shown in table 2. All the dogs in group I fed agone-t rented 
flour and those in group III fed the bread made from this 
flour developed typical fright fits in a period of feeding rang- 
ing- from 7 to 17 days. It is clear that standard baking- pro- 
cedure does not diminish the toxicity of agene-t mated flour. 

Flours treated with agene, chlorine dioxide, chlorine, oxides 
of nitrogen, lenzoyl peroxide and potassium broinut e. :t (« roups 
of 3 dogs each were fed diets containing flours which had 
been treated with 3 different levels of agene, 2 levels of 
chlorine dioxide, 2 levels of chlorine and 1 level each of oxides 
of nitrogen, benzoyl peroxide and potassium bromate. The 


TABLE 2 

Effects of feeding agene-t rcatcd flour and bread 



PRODUCT TESTED 

RATIO OP U4M1H 
SHOW I NO FITS 

WKK.UJl, MF 
IIAVH I O' FORK 
FIRST FIT 

I. 

Agene-treated flour (1.4 gm/100 lb.) 

( i/c, 

i r» 

II. 

Untreated flour 

o/<; 

. . 

III. 

Bread made from agene-treated flour 

V3 

17 

IV. 

Bread made from untreated flour 

0/.-! 



degrees of treatment and the types of flour in each case are 
shown in table 3. The diet used was diet B in table 1, a slight 
modification of Mellanby’s formula which we found more 
acceptable to our dogs. The preparation and feeding of the 
flours were the same as previously described. The daily con- 
sumption of flour ranged from 30 to 50 gm/kg/dny. The 
results contained in table 3 demonstrate that of the group of 
“improving agents” tested only the agene treatment gave 
rise to fits or any other evidence of toxicity. The levels of 
treatment as shown in table 3 represent the upper limits of 
agene treatment commonly used for clear, straight and patent, 
flour, respectively. There is some suggestion that the heavily 

3 These flours were prepared under commercial conditions in the presence of 
Inspectors of the Pood and Drug Administration. 
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treated clear flour was more toxic than the lightly treated 
patent flour. 

The acute toxicity of ay cue treated yluteu. In an attempt 
to prepare a product having a consistently high degree of 
toxicity which would he suitable for acute toxicity studies, 
commercial gum gluten (80% protein) 4 was treated directly 
with large quantities of agene. The agene was prepared by 

TABLE 3 

Ejju't of ft rdhtg dog# with flour# trtvlrd with various improving agrntft 


Aunsr 

TY!»fc op 
Ki.ori{ 

DKGREK OP 

TK KATM KNT 

RATIO OP 
DOGS SHOW* 
INTO PTTS 

DAYS BKF0R1 
FIRST PIT 

A #<*n o 

(’lent* 

:t tjm/ino in. 

2/3 

20 & 23 


SI might 

2 gm/KIfl Hi. 

2/3 

30 & 35 


Patent 

1 #111/100 lb. 

1/3 

20 

Chlorine 

Straight 

(1.5 oz./lOO 11). 

0/3 

. . 


I'afi'iit 

1 ok./ 100 lb. 

0/3 


Chlorine 

Straight 

0.0 gm/101) lb. 

0/3 

. . 

dioxide 

Straight 

l.s rim/ inn in. 

0/3 


Oxides of 

nitrogen 

Straight 

1 1 nmpoms/100 lb. 

0/3 


Bouzovl 

peroxide 

Straight 

1 OK./ 1 00 11). 

0/3 


Potassium 

hroiwite 

Straight 

,‘{.4 gm./lOO lh. 

0/3 

•• 

Hill rented 

Straight 


0/9 



Patent 


0/3 



the method customarily used in commercial practice, i.e., by 
bubbling chlorine into an aqueous solution of ammonium 
chloride. Tin* N < was then aerated from the solution and 
conducted into a revolving, motor driven box containing 
the gluten. To obtain a product of maximum toxicity the 
gluten was treated with increasing amounts of agene until 
no further appreciable increase in toxicity occurred. With 

4 A product of the Keever Stareh Company, Columbus, Ohio. 
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this heavily treated gluten typical fits and convulsions were 
obtained when single doses were administered to dogs. Table 
4 contains the acute toxicity data which were obtained. In- 
creasing the degree of treatment from 1.5 gin of agene/ 
1000 gm of gluten to 3 gm of ageue/1000 gm of gluten in- 
creased the toxic effect decidedly. However, doubling the 
degree of treatment again produced no further significant 
increase in toxicity. Therefore, saturation was achieved some- 
where between the 3 gm/1000 gm and the 6 gm/1000 gm treat- 
ment. It must be remembered that the use of the term 
“saturation” refers only to maximum effect obtained under 


TABLE 4 

Acute toxicity of agene-treated gluten to dogs 


DEGREE OF 

GDT7TEN ADMINISTRATION 

RATIO OF 

MORTALITV 

AGENE TREATMENT 

Dose 

Mode 

ING FITS 

RATIO 

gmfkg 

1.5 * 

gm/kg 

15 

Fed 

2/3 

0/3 

3 

15 

Fed 

4/4 

3/4 

3 

5 

Stomach tube 

1/2 1 

0/2 

3 

2 

Stomach tube 

0/2 

0/2 

0 

5 

Stomach tube 

2/2 1 

0/2 

6 

2 

Stomach tube 

0/2 

0/2 


1 Bogs in both groups showed fits of equally mild intensity. 


the conditions of treatment and the particle size of the start- 
ing material. It is not meant to imply that further increases 
in toxicity could not be obtained under different conditions. 
It is also apparent from these data that the ED 50 ( the 
amount of a substance which produces an effect in 50% of 
the animals) of this agenized gluten is about 3.5 gm/kg. 

Comparative toxicity of other proteins. If, as reported by 
other investigators, agene reacts with casein and gelatin 
to yield the same toxic principle which produces fright fits, 
a comparison of the acute toxicity of these agene-treated pro- 
teins would be informative. Highly purified casein and gelatin 
were treated with the same high level of agene (6 gm/1000 gm) 
as produced a maxinlum effect with gluten. These substances 
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were fed to fasted dogs after mixing with equal quantities of 
sugar and enough corn oil to make the mixture palatable. 
The results are contained in table 5. Significantly, agene- 
treated casein is as potent a fit-producer as agene-treatod 
gluten, while gelatin did not produce fits in the dosage admin- 
istered. These results obtained with gelatin are not in 'Conflict 
with those reported by Moran (’47), for this investigator 
obtained positive results only after a prolonged period of 
feeding. 

Tn addition, treated gluten was fractionated by extraction 
with 7Q c /< alcohol into its glutenin and gliadin components. 


TABLE 5 


Acute toxici til 

of apme-treated proteins 

to flops 

AO ft NT 

nosrc 

RATIO OP 
r>OOS SHOW- 
ING FITS 

MORTVUTY 
EAT TO 

< rllltc‘1! 

f/n> flu 

1 .” 

4 '4 

H/4 

< 111 

To 

2/2 

2/2 


o 

O f o 

0/2 

Goto tin 

100 

ft '2 

0/2 

(rlUtOllIll 

1.0 

1 '2 

0/2 

Gita din 

7.o 

0/0 

1/2 


Both these fractions produced fits on feeding but the gliadin 
appeared to be the more toxic. 

Because of the possibility that a simple chemical alteration 
of a constituent amino acid may be responsible for the toxicity 
of agene-treatod flour, several amino acids in dry form and 
in solution were treated with agene. These substances were 
administered by stomach tube to dogs in doses several times 
larger than the amount of the particular amino acid which 
would be present, in a toxic dose of maximally toxic gluten. 
NTo toxic effects were obtained with agene-treatod trypto- 
phane, acetyl-trvptophane, tyrosine, methionine, cysteine or 
cystine. A pancreatic digest of agene-treated gluten was also 
prepared. Pits and convulsions were obtained when fasted 
dogs were given 100 ml /kg by stomach tube. (Ten ml con- 
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tained the products of digestion of 1 gm of gluten.) When the 
insoluble fraction containing the tyrosine was fed to dogs,, no 
toxicity was obtained. 

Variations in species susceptibility. Because toxicity data 
on a variety of species of animals are of paramount im- 
portance in evaluating the possible human hazard, agene- 
treated gluten was fed or administered by stomach tube to 
rats, rabbits, monkeys, guinea pigs and cats. The guinea 
pigs, rabbits and cats received by stomach tube a 25% suspen- 
sion of 6 gm/1000 gm agene-treated gluten ; the monkeys were 
fed a diet containing 30% agene-treated gluten ; the rats were 
given a diet consisting solely of 1.5 gm/1000 gm agene-treated 


TABLE 6 

Susceptibility of various species to agene-treated gluten 


ANIMAL 

DOSE 

NO. OF 
DOSES 

MODE OF 

ADMINISTRATION 

NO. OF 
ANIMALS 

RESULTS 

Dogs 

gm/kg 

5 

1 

Stomach tube 

4 

Fits 

Rats 

42 

30 

Fed 

6 

No fits 

Monkeys 

15 

54 

Fed 

2 

No fits 

Guinea pigs 

15 

1 

Stomach tube 

10 

No fits 

Rabbits 

15 

1 

Stomach tube 

8 

Fits 

Cats 

15 

3 

Stomach tube 

4 

Fits 


gluten. The results obtained are shown in table 6. Most note- 
worthy is the observation that rabbits are of a similar order 
of susceptibility as dogs. Within 48 hours after the admin- 
istration of a single dose of 15 gm/kg, rabbits developed fits 
and convulsions strikingly similar to the syndrome obtained 
with dogs. Cats developed similar symptoms after 3 admin- 
istrations. Rats and Rhesus monkeys, however, did not 
develop any observable central nervous disorders over the 
prolonged period during which they were fed these large 
amounts of this exceedingly potent gluten. Guinea pigs did 
not develop symptoms from a single administration. 

The observation of the high degree of susceptibility of 
rabbits to the effects of agene-treated gluten presents the at- 
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tractive possibility of their use as an assay animal, not only 
in .testing the potency of various agene-treatecl proteins, 
amino acids and other synthetic substances, but also in fol- 
lowing the toxicity of fractions obtained during the isolation 
of the toxic principle from hydrolysates. 

DISCUSSION 

The question arises as to whether the agene treatment acts 
by destroying a necessary dietary constituent of flour or by 
producing a toxic product. The fact in itself that the typical 
running fit syndrome can be produced in dogs on an acute basis 
very strongly suggests that the problem is one of simple tox- 
icity uncomplicated by dietary deficiencies. 

The question of the identity of the agent responsible for 
the production of fright fits in dogs remains largely unsettled. 
That the toxic principle of agene-treated flour is associated 
with the protein fraction seems to be adequately established. 
Since proteins arc broken down in the animal body and gain 
access to the blood stream largely as amino acids, it seemed 
likely that the toxic principle would be a chemically altered 
amino acid. The report by Silver et al. (’47c) that intravenous- 
ly administered agene-treated cystine and cysteine will pro- 
duce characteristic enecphalographic seizure patterns in dogs 
would indicate that the toxic principle was a reaction product 
of these amino acids and N( If this were true, the acute 
oral administration of these agene-treated acids in large doses 
should have produced a toxic effect. Completely negative re- 
sults were obtained. However, the possibility still remains 
that the sulfur-containing amino acids are somehow more com- 
plexly involved in the reaction as, for instance, part of a 
dipeptide. The possibility also remains that an amino acid 
not yet tested may be responsible. The fact that an enzymatic 
hydrolysate retained all the toxicity of the agene-treated pro- 
tein from which it was prepared again suggests an amino acid 
or a low molecular weight polypeptide. That the toxic prin- 
ciple is a di-, tri- or polv-peptide absorbed intact into the 
animal’s blood stream seems most likely at the present. 
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Although the data presented definitely demonstrated that 
the production of fright fits by the agene-treated gluten, of 
flour is not a phenomenon peculiar to the dog but rather a 
toxic reaction common to several species, the question of pos- 
sible toxicity to human beings is still unsettled. Obviously a 
toxicant of such potentialities for harm is not a desirable 
constituent of the flour from which our daily bread is pre- 
pared. 

SUMMARY 

1. Bread made from agene-treated flour produces fright fits 
in dogs. 

2. Oxides of nitrogen, benzoyl peroxide-, chlorine-, chlorine 
dioxide- and bromate-treated flours are harmless to dogs when 
fed for 6 weeks. 

3. •The ED 50 of gluten “saturation-treated” with NOl a is 
approximately 3.5 gm/kg. 

4. The reaction product of NC1 8 and either tyrosine, trypto- 
phane, cystine, cysteine or methionine is not responsible for 
the production of fright fits. 

5. Babbits are of the same order of sensitivity to agene- 
treated gluten as dogs and present attractive possibilities for 
use as assay animals. 

6. Cats are also sensitive but less so, while rats and Rhesus 
monkeys are apparently resistant insofar as the production of 
gross symptoms is concerned. 
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McCay (’29, ’34) found that rats fed a diet including 10% 
ground no. 300 glycerine-free cellophane were considerably 
retarded in growth but lived longer than those fed a stock 
diet ; they also lived longer than rats raised by Campbell ( ’28) 
on the superior growth-promoting diet of Sherman and Camp- 
bell (’24). The longer life span of the cellophane-fed rats 
was attributed by McCay (’33, ’34) to the retardation in 
growth rather than to the cellulose in the diet. However, our 
observations concerning the effect of various types of bulk- 
formers (Hoelzel and Da Costa, ’37; Hoelzel, ’39; Hoelzel, 
Da Costa and Carlson, ’41) indicated that ground cellophane 
was too irritating for liberal use in the diet and suggested 
that a diet including about 10% of a more suitable type of 
bulk-former would be likely to prolong the life span of rats 
without a significant retardation of growth. It was also 
thought that the roughage in natural foods might serve to 
prolong life without significantly retarding growth. These 
possibilities were investigated in connection with our 2 studies 
of the effects of intermittent fasting and omnivorous and 
vegetarian diets on the growth and longevity of rats (Carlson 
and Hoelzel, ’46, ’47). 

1 This study was aided by a grant from Swift & Company, Chicago. 
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FIRST LONGEVITY STUDY 
Diets used and experimental procedures 
Some details concerning our diets and experimental pro- 
cedures were given in our preceding reports. In our first 
longevity study, diet 2 (table 1) was used to determine the 

TABLE 1 

Composition of dirts 1 


DIET 2 

1 Basal or low residue omnivorous diet including 61.5% dried 
11 whole veal,” 8 3% veal bone meal, 4 * * 31% cornstarch, 2% dried 
brewers’ yeast, 1.5% inorganic salt mixture and 1% cod liver oil. 

2 Diet 1 plus 10% finely ground alfalfa stem meal. 

3 Diet 1 plus 5% ground kapoc 3 and 5% psyllium seed husks. 2 

4 Simple vegetarian diet including 50% whole wheat flour, 10% 
peanut flour, 7% wheat gluten flour, 7% lima beau flour, 7% lin- 
seed meal, 7% corn gluten meal, 5% alfalfa leaf meal, 5% 
brewers’ yeast and 2% NaCl. 

5 Diet 1 plus 10% semi-fibrous cellulose flour. e * 7 

6 Vegetarian self -selection diet including corn (whole kernels), 
wheat (whole grain), pearled barley, rolled oats, sunflower seeds, 
peanuts, green peas, soy beans, corn germ meal, wheat germ meal, 
brewers’ yeast, alfalfa leaf meal and NaCI. 

7 Modification of diet 8 with 5% semi-fibrous cellulose flour 0 in 
place of 5% ground kapoc. 2 

8 Diet 1 pins 10% granular (80 mesh) knraya gum 7 gradually 
increased to 25% and granular gum acacia 7 used in place of 
karaya gum during 2 months. 

9 Modification of diet 7 — diet 1 plus 6.7% semi-fibrous cellulose 
flour and 3.3% psyllium seed husks. 3 

10 Diet 1 plus 10% ground (40 mesh) glycerine free no. 150 cello- 
phane. 7 

11 Diet 1 plus 20% semi-fibrous cellulose flour and 5% psyllium 
seed husks. 

R Refers genorieally to diets with 10% added bulk (diets 3, 5, 7, 9 
and 10). 

1 Trimmings of head lettuce were fed ad libitum as a supplement to ail diets. 

2 Changes in diet are indicated by hyphenated figures. Thus, diet 3-7-9 indi- 
cates a change from diet 3 to diet 7 and finally to diet 9. In general, only 1 
change was made, such as in diets 1-B, B-l and 5-10. 

3 Specially prepared for us by Swift & Company, Chicago. 

4 Obtained from Mead Johnson & Company’s laboratory. 

'' Freed from seeds, boiled, washed, partly bleached and dried. 

Cellu Flour B. 

7 Obtained from The Chicago Dietetic Supply House. 
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effect of a natural source of roughage and an amount of rough- 
age, added to our basal omnivorous diet (diet 1), that served 
to produce approximately the same volume of feces as our 
simple vegetarian diet (diet 4). Diet 3 was used to determine 
the effect of a type of bulk-former regarded as more satis- 
factory than the ground cellophane used by McCay (Hoelzel, 
’39) and fed in an amount approximately equal to 10% cello- 
phane. In this study, 45 rats were fed diet 1, and 2 groups of 
23 each were given diets 2 and 3, respectively. Besides this, 
separate life span observations were made on 6 second gener- 
ation rats on diet 2. Approximately equal numbers of the rats 
were fed the diets ad libitum or fasted 1 day in 4, 3, or 2. 

Remits 

The rats fed diet 2 did not gain weight as rapidly as the 
animals on diet 1, hut they gained weight more rapidly than 
those fed diet. 3. The maximum weights attained, femoral 
lengths and ages at death of the rats are presented in table 2, 
but not the specific effects of the different degrees of fasting. 
Although the rats fed diets 2 and 3 did not become as heavy 
as the animals fed diet 1, they attained the same size (femoral 
length). The rats on diet. 2, including the 6 second generation 
rats on this diet, did not live longer than those on diet 1, but 
the animals on diet 3 lived longer (average, 77 days longer). 
Most of the fasted rats on diets 2 and 3 lived longer than those 
fed ad libitum, hut. the precise effect of fasting could not he 
clearly evaluated from the limited amount, of data. 

A search for lower bowel lesions revealed no gross evidence 
of chronic or ulcerative cecitis hut diverticula of the colon 
near the cecum, such as Wierda ( ’43) discovered, were found, 
particularly in rats on diets 1 and 2. Details will he reported 
in a separate paper. 

The females on diets 2 and 3 did not develop as large mam- 
mary tumors as those on diet 1 but there was no significant 
difference in the proportion of females developing this 
condition. 
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TABLE 2 

Maximum weights , femoral lengths , and ages at death of rats fed a low residue 
omnivorous diet ( diet 1), this diet with added hulk- formers (diets 8 , S f 7 , 

S, 9, 10 and 11) and a vegetarian self -selection diet (diet 6), ad libitum 
or with intermittent fasting during 8 longevity studies 



NO. Off 

MAXIMUM 

ffEMORATj 


AGE AT 


DIET 1 

RATS 

WEIGHT 2 

LENGTH 2 


DEATH 11 



d 9 

<? 9 

cT 9 

<? 


9 


gm mm doits 

FIRST LONGEVITY STUDY 


Rats fed ad libitum 


1 

5 

7 

591 

456 

39.0 

34.7 

633 ± 123 

639 ± 125 

2 

2 

3 

566 

389 

40.3 

35.0 

552 ± 147 

7 85 ± 102 

3 

2 

3 

466 

453 

39.4 

35.2 

661 ± 145 

742 it 19 




Rats fasted 1 day 

in 4 ; 3 or 

2 


1 

14 

19 

407 

325 

38.1 

34.8 

667 ± 143 

758 ±114 

o 

7 

11 

383 

285 

38.3 

34.6 

637 ± 113 

725 ± 200 

3 

9 

9 

399 

292 

38.5 

35.3 

738 ± 191 

842 ± 201 




SECOND 

LONGEVITY STUDY 






Rats 

fed ad 

libitum 



1 

4 

3 

639 

551 

39.8 

33.2 

588 ± 96 

701 ± 129 

3—7—9 

2 

3 

592 

441 

38.3 

34.6 

718 ± 38 

751 ± 122 

5 

5 

4 

668 

421 

37.9 

35.3 

807 ± 191 

646 ± 61 

10 

1 

1 

674 

336 

38.6 

32.9 

842 

418 

5-10 

2 

2 

758 

397 

38.7 

34.2 

691 ± 5 

692 ± 141 

1-B 

3 

2 

649 

453 

39.1 

33.3 

864 ± 175 

911 ± 127 

B-l 

4 

4 

658 

448 

37.8 

34.3 

687 ± 57 

850 ±211 

1-11 

2 

1 

506 

316 

38.3 

34.4 

906 it 158 

937 

B-ll 

5 

5 

497 

398 

37.4 

33.8 

692 it 243 

937 ± 72 

8 

2 

1 

650 

410 

38.2 

34.4 

920 it 11 

779 

1-6 

1 

1 

524 

362 

40.9 

34.3 

564 

585 

B-6 

1 

2 

57(5 

422 

35.9 

34.4 

718 

853 ±119 

6-1 

1 

1 

570 

244 

37.8 

32.1 

511 

379 

6-B 

3 

3 

572 

383 

38.2 

34.8 

845 ± 262 

826 ± 95 





Rats fasted 1 day in 3 



1 

3 

2 

537 

355 

38,0 

33.3 

676 ± 136 

930 ± 26 

3-7-9 

2 

2 

502 

427 

38.5 

34.9 

630 ± 220 

840 ± 44 

5 

3 

4 

531 

398 

37.7 

34.6 

730 ± 183 

972 ± 124 

10 

1 

1 

512 

430 

37.7 

35.9 

845 

777 

5-10 

1 

2 

550 

366 

38.2 

34.4 

863 

983 ± 105 

1-B 

1 

2 

470 

402 

38.0 

34.0 

636 

808 ± 95 

B-l 

2 

4 

495 

393 

37.8 

34.0 

715 it 132 

935 ± 25 

8 

1 

2 

450 

341 

36.8 

33.3 

70S 

867 ± 20 

1-6 

1 

1 

458 

330 

38.3 

32.9 

470 

835 

B-6 

2 

1 

446 

282 

37.6 

33.9 

550 ± 73 

645 

6-1 

0 

0 







6-B 

1 

2 

436 

262 

37.7 

32.9 

798 

799 ± 383 


1 See table 1, footnote 2, concerning changes in diets. 
a Mean. 

8 Mean and standard deviation. 
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Discussion 

■The failure of the rats on diet 2 to live longer than those on 
diet 1 in spite of their lower maximum weights was apparently 
partly due to the unsatisfactory nature of alfalfa stem meal 
as a source of roughage. It seemed that it introduced some 
deleterious substance(s) which increased the incidence and 
severity of respiratory infections. Alfalfa stem meal also 
did not seem to provide enough hemicellulose to keep the feces 
from becoming too firm for easy passage. Wheat bran might 
have served as a better natural source of roughage, but alfalfa 
stem meal was used in preference to wheat bran because it 
introduced less vegetable protein into the diet which was 
intended to contain mainly meat protein. However, even if 
a more satisfactory source of roughage than alfalfa stem meal 
had been used, the amount of roughage provided would not 
have been likely to increase the life span significantly. This 
is suggested by the results obtained with diet 3 which provided 
at least twice as much of a more satisfactory type of bulk and 
apparently introduced nothing of a deleterious nature. Al- 
though the rats on diet 3 lived, on the average, 77 days longer 
than those on diet 1, more data seemed needed to prove that 
this extension of the life span was. statistically significant. 
A second study was therefore begun in which the main object 
was to secure more data on the effect of various kinds and 
amounts of relatively pure hulk-formers on growth and 
longevity. 

SECOND LONGEVITY STUDY 

Diets used and experimental procedures 

Some details concerning the diets and experimental pro- 
cedures in our second longevity study were also given in a 
preceding report (’47). In this study, diets 3, 5, 7, 8, 9, 10 
and 11 (table 1) were used to secure data on the effect of bulk- 
formers added to diet 1. Diets 3, 5, 7, 9 and 10 were alike in 
involving the addition of 10% bulk to diet 1 and these diets are 
therefore genericallv referred to in some connections as diet 
B. Diet 3 was replaced by diet 7 because the supply of kapoc. 
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was cut off by the war and, later, diet 7 was replaced by diet 

9 to conserve tbe supply of psyllium seed busks. Rats fed 
these diets are therefore referred to as rats on diet 3-7-9. 
Diet 5 served to determine the effect of the cellulose flour used 
in diets 7 and 9 without added hemicellulose in the form of 
psyllium seed husks. Diet 10 served to determine the effect 
of a form of cellulose less irritating than the ground no. 300 
cellophane used by McCay : the no. 150 cellophane used here 
was only half as thick as no. 300 cellophane. Diet 11, with 25% 
added relatively smooth bulk, was used to compare its effect 
with McCay ’s (’34) use of a diet including 20% ground no. 
300 cellophane. Diet 8 was used mainly to determine whether 
karaya gum would produce ulcerative cecitis in the (Wistar) 
rats that we were using as they did not develop ulcerative 
cecitis “spontaneously” like the rats that we had used in a 
previous test of the effect of karaya gum (Hoelzel, Da Costa 
and Carlson, ’41). Gum acacia was used in place of karaya 
gum in diet 8 during a period in which suitable karaya gum 
was not obtainable. 

Eighteen litters, including 115 rats, were used in this study. 
The original intention was to use a much larger number of 
rats but wartime and other conditions beyond our immediate 
control prevented this. Five of the 18 litters were started on 
diet 1, 4 on diet 3-7-9, 6 on diet 5, 1 on diet 10 and 2 on the vege- 
tarian diet 6. However, 2 of the 6 litters started on diet 5 
were so started merely in preparation for being placed on diet 

10 when about 100 days old. Fourteen rats started on diet 1 
and 16 started on diet B (diets 3-7-9, 5, 30 and 5-10) were kept 
on these diets throughout life. Nine rats started on diet 1 
were placed on diet B when 72 to 200 days old. Six rats ( 1 
male and 1 female from each of 3 litters started on diets 3, 
5 and 6) were placed on diet 8 when 42 days old. Eight males 
and 7 females started on diets 1 and B were placed on diet 33 
when 147 to 200 days old. All rats started on the vegetarian 
diet 6 were placed on diet 1 or diet B before they became 345 
days old and 10 rats started on diets 1 and B were placed on 
the vegetarian diet when 72 to 200 days old. All rats on diet 
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11 were fed ad libitum throughout life. About half (45) of 
the other 100 rats in this study were fasted 1 day in 3 after 
they became 100 to 200 days old. 

The results were statistically evaluated by calculating t 
values according to the small sample methods explained by 
Fisher (’37) and Snedecov (’46) and probability (P) values 
of less than 5% were regarded as indicating significant 
differences. 

Results 

Growth curves showing the weights between the ages of 42 
and 200 days of the rats fed diets 1, B and 6 ad libitum were 
included in our preceding report ( ’47). The maximum weights 
attained, femoral lengths, and ages at death are presented in 
table 2. However, data on 5 rats that died relatively early 
and apparently because of factors other than diet or fasting 
arc not included in table 2. One of the 5 excluded rats was 
an intermittently fasted male on diet 5-10. This animal died 
of a rapidly growing tumor on the nape of the neck when 358 
days old. The other 4 excluded rats were 2 males and 2 
females that constituted all of the young in the last (7th) 
litter of one of our breeding females that were reared. This 
litter was started on diet 1 and kept on this diet until 147 days 
old. After that, 1 male and 1 female were intermittently 
fasted and the other male and female were placed on diet 11. 
The males died when 329 and 345 days old and the females 
when 477 and 522 days old, respectively. In each case, the 
rat fed diet 11 lived longer than the fasted litter mate kept on 
diet 1. The rals raised in the last litters of our 2 other breeding 
females that were mated with the same male lived to be 635 
to 1018 days old (6 males) and 741 to 937 days old (3 females), 
respectively. One of these litters, including 4 males and 3 
females that were reared, also had been started on diet 1. A 
male of this litter placed on diet 11 when 150 days old lived to 
be 1018 days old, and a female on the same regimen became 
937 days old. The exclusion of data on the 4 rats in the short- 
lived last litter therefore seems amply justified. 
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The data in table 2 indicate that the average weight attained 
by the males fed diet B ad libitum was greater than that of 
the males fed diet 1 ad libitum in spite of the fact that growth 
was slower on diet B. The females on diet B, however, did 
not become as heavy as those on diet 1. This sex difference 
in attained weights seems largely explainable by the effects 
of the diets on the life spans. The males on diet B lived longer 
than those on diet 1 (average, 181 days longer — P<5%). 
Obviously, the longer life span of the males on diet B included 
a longer period during which growth continued. The females 
on the other hand, particularly those on diets 5, 10, and 5-10, 
did not live longer than those on diet 1 and therefore did not 
attain similar weights. The skeletal growth (femoral length) 
of the males started early on diet B appears to have been 
stunted slightly; this was not true of the females. Both males 
and females fed diet 1 early in life and diet B later in life 
(diet 1-B) lived longer than those fed either diet ad libitum 
throughout life. The data on the reversed regimen (diet B-l) 
only indicate that the opposite regimen is superior. The 
rats fed diet 11 after diet 1 or B (diet 1-11 or B-ll) lived 
longer than those kept on diet 1 or B. This is not indicated 
by the data in table 2 concerning the males on diet B-ll, but 
4 of the 5 males had litter mates that were kept on diet B 
and all of the litter mates fed diet 11 lived longer (average, 
83 days longer). The females on diet B-ll lived much longer 
than those kept on diet B ( average, 273 days longer — P < 1 % ) 
but this difference is partly explainable by the relatively 
short life spans (average, 6(54 davs) of the females kept on 
diet B. 

The life spans of the rats fed diet 8 were similar to those 
of rats fed other bulk-formers but the karaya gum appeared 
to have a depressive effect on the rats. This seemed to be 
partly due to a reduction of the food intake because of the 
unpalatability of the gum. It was originally intended to use 
only 10% (added) karaya gum, but the volume of feces pro- 
duced was very small. Even 25% karaya gum did not produce 
very voluminous feces, presumably because of the relatively 
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low food intake and a breakdown of the gum in the digestive 
tract. The food intake increased and the weights increased 
rapidly when the more acceptable gum acacia was used. The 
alertness of the rats also increased then but the volume of 
feces decreased because of an even greater breakdown of gum 
acacia in the digestive tract. 


TABLE 3 

Nummary of effects of diets fed ad libitum on life span of rats 
in second longevity study 




MALES 


FEMALES 

SUITABILITY 

OF BUST 

PIETS 

No. 

Ago 

Attained 1 

No. 

Age 

attained 1 

Omnivorous 
8-7-9, 1-B, 

1-11, B-li, 8 

14 

795 ± 192 

12 

873 ± 116 

Relatively satisfactory 
for both sexes 

1, B~1 

8 

688 ± 90 

7 

786 ± 196 

Less satisfactory for 
males than females 

5, 10, 5-10 

8 

782 ± 156 

7 

626 ± 119 

Less satisfactory for 
females than males 

Part-time vegetarian 
B-6, 6-B 4 

818 ± 223 

5 

836 ± 91 

More satisfactory for 
both sexes than diets 

1-6 and 6-1 

1-G, 6-1 

2 

538 ± 38 

2 

482 ± 146 

Less satisfactory for 
both sexes than diets 

B-6 and 6-B 

x Mean ami standard deviation. 





Tables 2 and 3 show that the rats fed diet B before or after 
the vegetarian self-selection diet, (diets B-6 and 6-B) lived 
longer than those fed diet 1 before or after the vegetarian 
diet (diets 1-6 and 6-1). 

The intermittently fasted males on diet B did not live longer 
than those fed diet B ad libitum. The intermittently fasted 
females on diet B lived longer (average, 259 days longer — 
P<3%) than those fed diet B ad libitum, but this great 
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difference is again largely due to the relatively short life 
spans of the females fed diet B ad libitum. 

No grossly evident cecal lesions were found in the rats on 
diet 8 but further evidence was found that the development 
of diverticula of the colon was promoted more by the low resi- 
due diet than by the bulky diets. Differences in the effects of 
the different bulk-formers were nevertheless also noted and 
the details will be reported in a separate paper. 

The incidence of mammary tumors did not seem to be re- 
duced by the bulky diets. In this study, also, the size attained 
by the tumors was not clearly reduced by diet B (10% added 
bulk) but it was definitely reduced by diet 11 (2 5% added 
bulk). 

Discussion 

A further study will be needed to explain the differences in 
the effects of the different bulk-formers on the 2 sexes and 
under different conditions. The differences in rats fed ad 
libitum are clearly indicated in table 3. Comparisons between 
litter mate male and female rats on diet B showed that the- 
males fed ad libitum lived 174 days longer than the females 
fed ad libitum but that the intermittently fasted females lived 
158 days longer than the fasted males (P<5% in both com- 
parisons, which involved 8 and 7 pairs of rats, respectively). 
The complicated nature of the sex difference is further empha- 
sized by the fact that, the 5 females on diet B-ll (without fast- 
ing) lived as long as their intermittent! v fasted litter mate 
females on diet B. This was also true of 5 additional pairs of 
females, of which 1 of each pair was started or continued on 
diet 1 and the other was placed on diet 11, and 10 pairs of litter 
mate males started on diets 1 and B. This incidentally indi- 
cates that diet 11 (sufficient bulk but including psyllium seed 
husks) fed ad libitum served as well as fasting 1 day in 3 in 
prolonging the life spans. 

The types and amounts of bulk-formers that would servo 
best at different ages to promote the greatest length of life 
without stunting growth or impairing vigor also need fur- 
ther clarification. Our results suggest that a suitable type and 
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proportion of liemicellulose as well as cellulose should be 
included in the diet and that no bulk-former or only small 
and gradually increasing amounts should be used at early 
ages. Psyllium seed husks seem to provide a suitable type of 
homicellulose. We did not determine the effect of using 
psyllium seed husks alone because the mucilage which the 
husks alone form cannot be segmented normally in the 
digestive tract. The mixtures of liapoc or cellulose flour and 
psyllium seed husks which we used were apparently seg- 
mented normally but the proportions that might serve best 
remain unsettled. Our observations suggest that as much as 
10% bulk should not be used before rats are about 150 days 
old. Diet 11, with 25% added bulk, was evidently also too 
bulky for some rats 200 days old, but it seemed to be satis- 
factory for the rats when they were over 500 days old. This 
may have been partly due to the naturally reduced food in- 
take with ageing. The life span of some of our bulk-fed rats, 
may therefore have been prolonged partly by a slowing down 
of living processes during some periods by the diets being 
too bulky to permit a sufficient calorie intake, but we believe 
that the life span of most of our bulk-fed rats was prolonged 
without any slowing down of living processes. During middle 
life, some of the rats on diet B were unquestionably more 
active or alert than any rats on diet 1. This may, of course, 
merely mean that the activity of the rats on the low residue 
diet was depressed. On the other hand, the prolongation of 
the life span of the rats fed the bulky diets ad libitum was 
evidently not due to increased activity such as often occurs 
on the days of fasting in intermittently fasted rats. 

The food intake of our rats was not determined, but large 
amounts of non-nutritive materials in the diet obviously re- 
duce the caloric intake by filling the digestive tract and dis- 
pelling the desire to eat with the ingestion of less nutriment 
(Hoelzel, ’47). Theoretically, the food intake with ad libitum 
feeding can be reduced to any desired level by simply includ- 
ing the necessary proportion of inert material in the diet, 
but the optimum amount of a bulk-former that can be included 
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in the diet depends on the nature of the bulk-former and the 
nutritional requirements for normal growth and the mainte- 
nance of vigor. It is evidently more practical to prevent the 
ingestion of excessive amounts of nutriment by feeding a 
bulky diet ad libitum than by intermittent fasting or by feed- 
ing restricted amounts of a relatively low residue diet daily. 
The possibility also exists that suitable bulk-formers help to 
prolong life by normalizing intestinal conditions. This is sug- 
gested partly by the finding that colonic diverticula were ab- 
sent in practically all rats fed the diets including psyllium 
seed husks. 

Our second life span study was designed partly to secure 
data concerning the relative influence of heredity and litter 
order as well as nutrition on the life spans but much more 
data than we secured would be needed for such a purpose. 
Nevertheless, the relatively early death of all of the rats in 
one of the 3 last litters suggests that last litters or offspring 
of ageing rats are not likely to live as long as offspring of 
younger rats. First litters were not used in our second study 
but the data obtained on second to last (6th, 7th and 8th) 
litters indicated that the constitutions or potential life spans 
of the rats in litters after the 4tli were at least more fre- 
quently poor than among the rats in the earlier litters. Data 
on successive generations, such as Lansing (’47) obtained oil 
rotifers, would evidently be necessary to determine the spe- 
cific effect of ageing on the life span of offspring. 

The failure of cecal ulceration to develop in the rats fed 
karaya gum in this study suggests that this gum merely in- 
creased “spontaneous” cecal ulceration in the rats used in our 
previous studies (Hoelzel, Da Costa and Carlson, ’41, and 
unpublished observations). In short, the view of Bloomfield 
and Lew ( ’43) that ulcerative eecitis in rats is of infectious 
origin is indirectly supported. However, the fact remains that 
karaya giun and apparently also some other bulk-formers 
increase ulcerative cecitis in infected rats. 
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SUMMARY 

The effects of feeding a low residue diet and this diet with 
added bulk-formers on the growth and longevity of 212 Wistar 
rats were determined. The bulk-formers used included alfalfa 
stem meal, psyllium seed husks, ground kapoc, cellulose flour, 
ground cellophane and granular karaya gum. The effects of 
feeding the different diets ad libitum or with intermittent fast- 
ing, and of feeding the low residue or bulky diets early or late 
in life were simultaneously investigated. 

The results indicated a sex difference in the effect of bulk- 
formers. In rats fed ad libitum the life span of both sexes was 
increased by 10% and 25% (added) relatively smooth bulk- 
formers but the life span of females was not increased by 
10% cellulose flour or ground cellophane. The results differed 
in intermittently fasted rats and in those fed different 
amounts of bulk during different periods of life. No impair- 
ment of skeletal growth was produced when diets with 10% 
bulk-formers were fed only after the rats became 42 or more 
days old. A diet with 25% relatively smooth bulk prolonged 
the life span as much as fasting 1 day in 3, which was previ- 
ously found to be the optimum amount of intermittent fasting 
for rats. 

Contrary to findings in previous studies, no cecal ulceration 
was found in 6 rats fed 10% to 25% granular karaya gum. 
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The estimation of the fuel value of human diets by the ap- 
plication of the Atwater factors of 4, 4 and 9 cal. per gram of 
total protein, carbohydrate and fat, respectively, allows for 
average losses of food energy in digestion, and the incom- 
plete oxidation of protein in metabolism under conditions of 
nitrogen equilibrium. It does not, however, take account of 
the stimulating effect of the food on metabolism, the specific 
dynamic action. The energy thus dissipated, except under 
environmental conditions otherwise tending to induce a nega- 
tive heat balance, is a wastage of food energy as far as its 
value in promoting physiological work is concerned. Allow- 
ance must, therefore, be made for this wastage of energy in 
computing the amount of food energy required for persons 
of given size, age and activity. Hence, the amount of this 
wastage is of importance in practical dietetics. 

1 The data presented in this report were secured in ail experimental project 
covered by a contract, recommended by the Committee on Medical Research, be- 
tween the Office of Scientific Research and Development and the University of 
Illinois. 

a Now at Mayo Clinic, Rochester, Minnesota. 
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For thi s purpose, the specific dynamic action (S.D.A.) of 
food should be measured as the total extra heat produced post 
prandium above a baseline level. Of the many investigations 
that have been reported on the specific dynamic effect of food 
in humans, relatively few involve the measurement of the 
extra calories above basal produced by a meal of definite 
description, and very few indeed extend over a sufficiently 
long period of time post prandium to measure the total effect. 
The most complete study of this nature was reported by Bene- 
dict and Carpenter (’18), involving many experiments and 
many subjects. The general conclusion from this monumental 
work was that the specific dynamic action of pure carbo- 
hydrates and predominantly carbohydrate meals amounted 
to about 6% of the fuel value of the food ingested; for fats, 
the average value is about 2%, while with a protein-rich diet, 
the S.D.A. approximates 12% of the metabolizable energy 
(fuel value) ingested. For a mixed diet, “which more properly 
corresponds with every-day usage,” a value of 6% is deduct'd 
from the experimental data. Concerning these results, the 
authors say . .in drawing conclusions from the results 
given in these 2 tables, it should be remembered that the fig- 
ures given are low, rather than maximum values, since in the 
majority of instances the basal value was not reached before 
the conclusion of the experiment . . .” (p. 343). 

In observational periods extending over (5 to 10.5 hours post 
prandium, Murlin, Burton and Barrows (’3(5) report an 
average S.D.A. of fat in human subjects of 4.74% of the 
caloric content. For periods up to 7 hours post prandium, 
Krauss and Rettig (’29) secured an average S.D.A, for pro- 
tein foods of about 32%, but neither the experiments of Abe! 
(’43) nor those of Jahn and Strossenrouther (’28) indicate* 
that the S.D.A. of proteins, or of high-protein foods or meals, 
terminates within a period of 6 or 8 hours. The common prac- 
tice of deferring a determination of the basal metabolism 
of men and women until 12 or more hours have elapsed since 
the last meal, with the stipulation that the last meal should 
not be high in protein, carries the same implication. 
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AVachholder and Franz (’44) studied tlie S.D.A. of a mixed 
die„t in a group of about 50 normal men; observations were 
made intermittently throughout the day, during which the 
usual 3 meals were served. The interval between breakfast 
and lunch was 5 hours, and that between lunch and supper, 
5.5 hours. The total observed S.D.A. for the breakfasts, vary- 
ing in size from 53(5 to 922 cal., averaged 6.6% of the calories 
consumed ; that for the lunches, containing 812 to 1350 cal., 
averaged 9.5% of the consumed calories. It is not probable 
that the latter value includes all of the extra heat produced 
after lunch, but nevertheless the results show a distinct 
tendency for a greater proportion of the food calories to be 
dissipated as S.D.A., the larger the caloric content of the 
meal. 

Post-prandial metabolism in the human is ordinarily ob- 
served by intermittent determinations of heat production fol- 
lowing a meal of a definite description. During the period of 
observation, the subject must be inactive. To continue the 
observations until the S.D.A. of the experimental meal runs 
out may be extremely tiresome for the subject, and if ac- 
complished may give metabolic measurements complicated by 
appreciable and variable activity. Wachholder and Franz 
(’44) took particular pains in their protracted experiments 
to make their subjects comfortable and to obviate this criti- 
cism; with what success we do not know. The purpose of the 
report to be made below is to present experimental data on the 
specific* dynamic action of high-protein and high -carbohydrate 
meals in 2 groups of 6 adult men, and in particular to present 
a method of summating the extra calories post prandium over 
a reasonably long observational period of 6 to 7 hours and 
of estimating by extrapolation the total extra calories that 
would have been measured if the observations had extended 
over the entire period of elevated metabolism. 

EXPERIMENTAL PROCEDURE 

In connection with a comprehensive project involving the 
study of the effect of dietary modifications on the tolerance 
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of man to repeated exposure to intense eold, a series of tests 
were made on the 12 subjects of the experiment to measure 
the specific dynamic action (the heat increment) of the higli- 
protein and the high-carbohydrate diets used in the first 
year’s work. These tests are referred to by Keeton and asso 
ciates (’46). The following quotation from this publication 
briefly describes the S.D.A. experiments : 

“The heat increment of the experimental diets was deter- 
mined by following the heat production of the subjects in the 
respective diet groups for a period of 'six hours after con- 
sumption of the ‘A’ meal containing approximately 1000 
calories. The experiments were carried out with the subjects 
sitting quietly in a chair, under comfortable conditions 
(77°P.), and again under cool conditions (60°P.). Tn both 
series of tests the men were clothed only in light union suits, 
90% cotton. The respired air was collected intermittently, 
every half hour for the first 2 hours post prandium, and then 
every hour.” 

For each S.D.A. measurement, the fasting metabolism of 
the subject, at least 12 hours after the last meal, was deter- 
mined while sitting quietly in a chair. The heat production in 
all tests was estimated from the oxygen consumption and the 
total respiratory quotient, neglecting protein metabolism. The 
error made by this neglect is usually less than + 2% (Mitchell 
and Haines, ’27), and under extreme conditions would not 
exceed +6.58%. It is well known that the computation of 
non-protein respiratory quotients, for short periods of time 
and during variable rates of protein metabolism, on the basis 
of the nitrogen excretion in the urine, cannot be done with 
any degree of accuracy. 

There were 12 subjects, men varying in age from 2,1 to 25 
years. The subjects are described individually and in detail 
by Keeton et al. (’46, table 1). Their average weight was 
69.7 kg and their average body surface area was 1.865 m 2 dur- 
ing the time the S.D.A. tests were carried out. 
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EXPERIMENTAL RESULTS 

A description of the average experimental meals is given in 
table 1. These values were calculated from the amounts of 
the 2 diets consumed and the average composition of such 
foods taken from Bowes and Church (’42), supplemented by 
such direct analyses as were necessary. As regards the total 
day’s food, these estimates were checked occasionally by the 
chemical analysis of composite samples of food, each taken 


TABLE 1 

Description of average test meals 

ENERGY VALUE DISTRIBUTION OF 



Total 

body 

surface 

Protein 

Fat 

Cnr bo- 
ll y<l rates 


cat. 

cal. 

% 

% 

% 

High-protein 

003 

532 

37 

46 

17 

High ‘Carbohydrate 

1070 

574 

7 

30 

54 


TABLE 2 

Typical test meals for 2 diet groups 


inrnr-PBOTEXN meal 

HIGH-CARBOHYDRATE MEAL 


ffHh 


gm 

Tomato juice 

250 j 

Grapefruit juice 

180 

Beef 

200 

Puffed wheat 

12 

Cottage cheese 

125 

Cream 

50 

Milk 

50 

Bread 

60 

Bread 

20 

Milk 

325 

Butter 

15 

Butter 

25 



Sugar 

23 

1 egg white 


Tam 

50 


over a 10-dav period. The test meals were not all the same, 
but their calculated contents of proteins, fats and carbo- 
hydrates were fairly well equalized. The mineral and vitamin 
contents of the day’s food were shown to be adequate by direct 
analysis. 

Typical test meals of the 2 diet groups are shown in table 2. 

The test meals in both diet groups averaged about 1000 cal. 
in fuel value, with ranges from 826 to 1136 cal. for the high- 
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protein group, and from 787 to 1325 cal. for the high-carbo- 
hydrate group. There was no observable correlation between 
the caloric intakes and the cumulative 8.D.A. over a period 
of 6.5 hours post prandium. This was also the experience of 
Murlin, Burton and Barrows (’36) in their studios with high- 
fat diets. Apparently other factors determining beat pro- 
duction, not under experimental control, obscured the correla- 
tion that undoubtedly exists between the calorie content of 
meals of similar character and their calorigonie response in 
the body. 

The data for the individual metabolism tests are too 
numerous to present in this paper. They were averaged for 
the 2 diets and the 2 environments for the intervals .0.5, 1.0, 
1.5, 2.0, 2.5, 3.5, 4.5, 5.5 and 6.5 hours post prandium. All tests 


TABLE 3 

The average fasting sitting metabolism of the 2-dict groups of six men each 


ENVIRONMENT 

HIGH-1'ROTKTN DIET 

11 rOIf-CARBO HYDRATE DIET 

Oal./hr./m 3 

R.Q. 

Cal./hr./iu* 

U.Q. 

Comfortable 

Cool 

35.3 

35.1 

0.7G0 

0.71)7 

85.3 

37.8 

0.703 

0.771! 


included in these averages were carried out within 15 minutes 
of the times indicated. In thus pooling the data for the 1 dif- 
ferent subjects, total heat productions for the time interval 
since conclusion of the experimental meal were calculated ami 
the heat increments computed by deducting the fasting- 
metabolism for the same time interval. A tew of tin 1 data 
secured could not well be included in the group averages, 
either because the calorie content of the test meal was too 
small or because the time of testing was more than 15 minutes 
from the times selected for grouping. 

The average fasting sitting metabolic rates of the 2 groups 
of 6 men each in the 2 environments are summarised in table 3. 
The temperature of the room did not have an appreciable 
effect upon the metabolic rate of the men on the high-protein 
diet. For the other diet group, the average metabolic rate 



SPECIFIC DYNAMIC ACTION OF FOOD 


47 


was 37.8 cal. per m 3 in the cool room and 35.3 cal. per m 3 in 
the’ comfortable room. An analysis of the differences in meta- 
bolic rate for each of the G men when in the cool room and in 
the comfortable room revealed 2 exceptions for which the rate 
was higher in the comfortable room. For the entire group of 
(! men the probability is 0.12 (Student, ’25) that the average 
group difference might have been produced by a random 
combination of the uncontrolled factors in the experiment. 

The average elevation of the fasting metabolism through- 
out the 6.5 hours of observation was somewhat higher for the 
subjects of both diet groups in the cool room than in the warm 
room, but the difference was neither great nor of statistical 
significance. For the liigh-protein group, the cumulative 
S.D.A. for 6.5 hrs. averaged only 2.3 cal. higher for the tests 
in the cool room, a 1.9% increase. For the high-carbohydrate 
group, the average cumulative elevation was 4.3 cal., a 5.3% 
increase. However, this increase was not exhibited by 2 of 
the 0 subjects in this group. 

The irregularities in the data from subject to subject and 
the inappreciable effect of the experimental environments on 
the results secured, if any effect at all was manifested, justi- 
fied pooling the measurements secured in the 2 rooms for each 
of the experimental diets. The average values obtained in this 
way are summarized in table 4. 

For the high-protein meals, the cumulative S.D.A. over the 
period of observation averaged 131.1 cal. ; for the high-carbo- 
hydrate meals, the average was 85.3 cal. The calorigenic 
response of the high-protein meals exceeded that of the high- 
carbohydrate meals from 1.5 hours post prandium to the 
termination of the tests. On the former meals, the respiratory 
quotients exhibited a slight rise in the first 2 hours to a high 
of 0.793, and then decreased continuously to 0.760. On the 
liigh-carbohydrate meals, the Tt.Q. rose to 0.902 in 0.5 hr. and 
then decreased rather regularly also to 0.760, when the 
measurements were discontinued. 

The purpose of the statistical analysis of the above data is 
twofold: (a) to smooth out the raw data by fitting to them a 
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suitable mathematical equation, permitting interpolation for 
any time post prandium, and, by differentiation, estimates of 
rates of extra calorie production at any time; and (b) to 
arrive at some reasonable estimate of the total cumulative 
S.D.A. for each type of meal, approximating what would have 
been obtained had the observations been continued until the 
fasting sitting metabolic rate had again been observed. On 
plotting the cumulative S.D.A. ’s given in table 4 against hours 
post prandium, a pattern of points was obtained exhibiting a 
sigmoid shape, similar to a growth curve, with the self- 
accelerating phase confined to the first 1.5 to 2.0 hours post 
prandium. The data collected beyond this time seemed to bo 
well described by the equation for the law of diminishing re- 
turns, as used by Brody (’45, p. 502) in his growth studies. 
Fitting the equation to the data of the 2 diet groups by the 
graphic method of determining the constant A (see Brody, 
p. 512) and by the method of averages in determining the con- 
stants B and k, the following equations were obtained: 

for the high-protein group 

8„ =173 — 21 7.3-».- TO “t (]) 

and for the high-carbohydrate group 

R„ = 108 — XI 8..-- 0 - 2 ™ (2) 

in which S„ and S,. are the cumulative S.D.A. ’s for the high- 
protein and high-carbohydrate meals, respectively, expressed 
in calories, at time t, expressed in hours post prandium, and e 
is the base of the natural system of logarithms. 

In figure 1, the experimental observations are plotted to- 
gether with the above equations. The fit of the equations to 
the respective sets of data is extremely good at. 1.5 hours 
post prandium and beyond for the high-carbohydrate diet, 
and at about 2.0 hours and beyond for the high-protein diet 
(see table 4). The course of the data prior to these times is 
of the self-accelerating, rather than of the self-inhibiting, 
type as these qualifying terms arc used by Brody. 

In equations (1) and (2), the first constant terms on the 
right side of the equations, i.e., 173 and 108 cal., are the 
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asymptotes to their respective curves, the values Hie curves 
are approaching but -will never reach in finite lime. They are, 
therefore, somewhat higher than the total S.D.A.’s. 

In applying those equations to mammalian growth, the con- 
stants signify the mature weights of the respective species 
at infinity. For practical purposes, Brody considers tin* 



Fig. 1 Tlie increase in cumulative extra calories (S.D.A.) witli time post 
prandnim for liigli-protein and liigh-earbohydrate, meals. 


mature weight to equal 08% of the A constant. Applying the 
same conception to the S.D.A. equations, the total S.i>.A. for 
the high-protein diet would be estimated at 170 cal. (0.08 X 
173), a value that would be attained in 10.54 hours post 
prandium. For the high-carbohydrate diet, the estimate for 
total S.D.A. (108 X 0.98) is 106 cal. and would he attained 
in 15.12 hours post prandium. At the end of 12 hours post 



SPECIFIC DYNAMIC ACTION OF FOOD 


51 


prandium, the time ordinarily assumed as the length of the 
absorptive period in the human provided the last meal is not 
too high in protein, the cumulative S.D.A. for the high-protein 
diet is 162 cal., and for the high-carboliydrate diet, the value 
is 102 cal. 

By differentiating equations (1) and (2), derived equations 
are obtained from which may be estimated the instantaneous 
rate of extra heat production at any time during the ab- 
sorptive period. The differential equations are : 


<is p 

at 


= 04 . 35 -“ '- M "> 


( 3 ) 


for the high-protein diet, and 

as,. 

O] O-j-O.MWTflt 

(It 


( 4 ) 


for the high-carbohydrate diet. These equations are plotted 
in figure 2, starting with the time post prandium at which 
equations (1) and (2) describe the experimental data. The 
differentials 4f- will evidently be expressed in extra calories 
above the fasting sitting metabolism per hour. 

The maximum S.D.A. for the high-protein diet is 33.0 cal. 
per hour at 2 hours post prandium, decreasing to 2.7 cal. per 
hour at the 12tli hour post prandium, and to 1.0 cal. at the 
lfith hour. For the high-carboliydrate diet, the rate of extra 
caloric production is 21.0 cal. per hour at tlie peak 1.5 hours 
post prandium, decreasing to 1.3 at 12 hours and to 0.46 cal. 
at 16 hours. 

Tin* rate of extra calorie production is very small on both 
diets at 12 hours post prandium and quite insignificant at 
16 hours. Taking the latter period for the high-protein diet, 
and the former for tlie high-carboliydrate diet as the period 
of active food absorption, we may estimate the total S.D.A. 
for the high-protein diet as 160 cal. and for the high-carbohy- 
clrate diet as 103 cal. Since the average caloric intake was 993 
cal. on the high-protein diet, and 1070 cal. on the high-carbo- 
hydrate diet (see table 1), the total S.D.A. expressed in the 
usual terms is 17.0% of the ingested calories for the high-pro- 
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tein diet, and 9.6% for the higli-carbohydrate diet. These 
values are higher than those of Benedict and Carpenter (M«), 
i.e., 12% and 6%, respectively, because they cover the entire 
absorptive period. 



Fig. 2 Tho rate of extra calorics production per hour after high-protein and 
high-carbohydrate meals. 


The variation among individual subjects in the emnulative 
S.D.A. may be assessed from the total extra calories at tin- 
end of 6.5 hours post prandium. The coefficients of variation 
for the liigh-protein meals were 19% and for the carbohydrate 
nxeals, 16%, pooling in each case the results for the comfort- 
able and the cool room. In the experiments of Wachholder 
and Franz (’44), the coefficients of variation in the total oh- 
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served S.D.A.’s for the different meals varied from 15 to 
4-1'% , averaging 28%. 


DISCUSS EON 

The accumulation of extra calories above a base-line ex- 
penditure after a meal pursues a sigmoid course when plotted 
against time post prandium, i.e., the rate of accumulation in- 
creases for a period of 1.5 to 2.5 hours and then decreases until 
the metabolic stimulus, whatever it may be, is exhausted. 
The nature of the stimulus (or stimuli) is not known, but one 
may look at the situation from the standpoint of the plethora 
theory, championed and then abandoned by Lusk. Regardless 
of its validity, it does explain reasonably and more completely 
the observed facts concerning the specific dynamic action of 
nutrients and the factors affecting it than any other theory 
yet proposed. 

According to the theory of plethora, the end products of 
digestion slowly establish a plethora in the tissues n as long 
as the rate of inflow exceeds the rate of tissue utilization for 
purposes of oxidation or of synthesis. During this phase of 
the phenomenon, the establishment of a plethora, and con- 
sequently the S.D.A., proceeds at a self-accelerating rate. 
As the rate of inflow diminishes (and the rate of utilization 
possibly increases) the plethora subsides and the rate of 
S.D.A. decreases. That this decrease should follow the course 
of the law of diminishing returns is not surprising, since 
the slower and slower inflow of each successive unit of nutri- 
ents into the tissues would bo expected to induce a smaller 
and smaller calorigenic response. The theory can accom- 
modate the observed facts concerning the participation of 
the endocrine glands in the S.D.A. of food in so far as hor- 

!l Arguments advanced. against tlu* theory too often assume that the plethora 
of nutrients in the tissues parallels that in the Mood. When the rate of S.D.A. 
does not parallel the changes in nutrient, concentration in the blood, the conclusion 
is drawn that the theory is invalid. However, there is no reason to believe that 
tissue concentration of nutrients and blood concentration run parallel in the post- 
absorptive period; for the amino acids, this has been known not to be true, since 
the classic studies of Van Slyke and Meyer (’IS). 
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mones may modify tli o response of tissues to a culorigonio 
stimulus, i.e., their irritability'’ (Mitchell, ' 27 ). Extrapolation 
of the curve expressing tlie relationship of cumulative S.D.A. 
and hours post prandium to the time of termination of the 
S.D.A. stimulus may be justified on the basis of the reasoning 
just discussed, as well as on the basis of the goodness of fit 
of the data to the mathematical expressions employed to 
describe them. 

Above environmental temperatures setting the lower limits 
to the zone of thermic neutrality in the fasting man, the S.D.A. 
may reasonably be regarded as a wastage of food energy and 
even a burden upon the temperature-regulating mechanism. 
Below such temperatures it may serve a useful physiological 
purpose by sparing body tissues and increasing the tolerance 
to cold. But in either case it is a small item in the energy 
economy of man. After a liigli-protein meal containing ap- 
proximately 1000 cal., the maximum rate of extra calorie 
production is 33 cal. per hour, decreasing in 5 and 0 hours, 
the usual period between daytime meals, to 15 and 12 cal. per 
hour, respectively (see fig. 2). After high-carbohydrate meals, 
the maximum rate is 21 cal. per hour, and the rates after 5 and 
6 hours are 8 and 6 cal., respectively. Of the many human 
activities for which Sherman (’45, table 23) gives the caloric 
equivalent per hour, there is none, when allowance is made 
for basal heat expenditure, with as low a caloric equivalent 
as the S.D.A., even of a high-protein meal. Thus, the extra 
calories over basal for standing relaxed are 40 per hour; for 
hand sewing, 40 per hour; for dressing and undressing, 53 
per hour; and for typewriting rapidly, 75 per hour. 

The difference in S.D.A. between a high-protein and a low- 
protein meal of 1000 cal. is even less significant, stalling at 
12 cal. per hour at the peak, and diminishing to 8 and li cal. 
per hour, respectively, at 5 and 6 hours post prandium. It is 
not surprising, therefore, that Pitts, Consolazio and '.Johnson 
( ’44) were unable to detect any appreciable increase in the 
thermal load of men working in a hot environment induced 
by an intake of 150 gm of protein daily, as compared with 
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an intake of login, the calorie intake remaining the same. 
Also, Keeton and coworkors (’46) found that the higher 
S.P.A. of a high-protein diet was not the determining’ factor 
in its effect upon tolerance to an intensely cold environment. 
Furthermore, Robinson and Lee ( ’47), working with domestic 
animals, did not secure any evidence that a high proportion 
of protein in the ration had any significant effect upon the 
reactions of tin* animals to heat. 

SUMMARY AND CONCLUSIONS 

The specific dynamic action of 2 diets containing 7 and 37% 
of protein calories was measured for 6 young men in each 
case, for periods of 6 to 7 hours post prandium, both in a 
comfortable and in a cool room. The rate of accumulation 
of extra heat above the fasting sitting metabolism after meals 
containing about 1000 cal. was found to follow a sigmoid 
course, the accelerating phase terminating at about 1.5 hours 
post prandium for the high-carbohydrate (low-protein) meals, 
and at about 2 to 2.5 hours post prandium for the high-protein 
meals. Thereafter, the rate of accumulation of extra calories 
followed the equation expressing the law of diminishing 
returns. 

From equations of the latter type fitted to the experimental 
data, pooled for the 2 environments, the total S.D.A. was 
calculated, the results being 1G9 cal. for the high-protein meals 
and 103 cal. for the high-carbohydrate meals, or 17.0 and 
9.G';> , respectively, of the total calories consumed. 

From these equations tlx 1 hourly rate of extra calorie pro- 
duction was estimated on the basis of the corresponding dif- 
ferential equations. Comparing these rates with even the 
lightest types of muscular activity of men, it is evident that 
the S.D.A. of food is an inconsiderable item in the energy 
metabolism of active men, and in particular that high-protein 
meals as compared with low-protein meals exert an inap- 
preciable effect in enhancing the thermal load of men working 
in a hot environment, or in protecting men against a cold 
environment;. 
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THE NATURE OF THE SUPPLEMENTARY VALUE 
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MILLED WHEAT FLOUR WITH DRIED 
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In recent publications (Sure, '4(>, ’47) it was reported that 
when 1, 3 and ")'/< of milled enriched flour or milled white corn 
meal 2 are replaced by equivalent amounts of dried brewers’ 
yeast (K) or a primary-grown cultured yeast (G-) 3 , there 
resulted large gains of body weight and marked increases 
in protein efficiency ratios, as evident from gains in weight 
per gram of protein intake. Since Mitchell and Smuts ( ’32) 
found that the proteins of wheat are deficient in lysine and 
the proteins of corn are deficient in lysine and tryptophane, 
it was anticipated that the dried food yeasts contributed 
these amino acids in the protein supplementation of these 
cereal grains. However, part of the marked responses to the 
administration of the yeasts may have been due to the in- 
fluence of other dietary essentials. In this investigation an 
attempt was made to determine 4 to what extent lysine could 
supplement for growth the proteins in milled enriched wheat 

‘Published with the uppruviil of the Director of the Arkunsim Experiment 
Station. Research paper no. 800, Journal series, University of Arkansas. Aided by 
a grant from Anheuser-Busch, Inc., St. Louis, Mo. A preliminary report of this 
paper was presented before the American Institute of Nutrition, May 22, 3047, 
('hicago, Illinois, 

“This was a “white table corn menl, M purchased in local grocery stores. 

11 Furnished by Anheuser-Busch, St. Louis, Mo. 
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flour, aucl lysine and tryptophane the proteins in milled corn 
meal, as compared with different amounts of cultured vgast 
(G-) added to the rations. All the experimental animals were 
kept on the same protein level. However, the rats which had 
supplementary administrations of lysine and/or tryptophane 
received additional small amounts of nitrogen furnished by 
these amino acids. 

The terms “proteins in wheat” and “proteins in corn meal” 
are used here to mean the total proteins as they exist in the 
natural state in these cereal grains. The total protein was 
calculated from the nitrogen content found by analyses. 

This study was conducted on Wistar strain albino rats, 
according to a technique recently described (Sure, ’46, ’47). 
The basal rations contained 89% wheat flour or 89% corn meal 
as sources of proteins, 2% cellu flour for roughage, and 4% 
of Sure’s salt mixture no. 1 (Sure, ’41). When a certain 
proportion of yeast was added to the rations, enough wheat 
flour or corn meal was removed to keep the protein content 
the same. Two per cent cod liver oil and 3% wheat germ 
oil in the rations furnished the fat-soluble vitamins. The 
following components of the vitamin B complex were ad- 
ministered to each animal daily separately from the rations : 
100 Mg thiamine, 100 Mg riboflavin, 100 ng pyridoxine, 100 |jg 
nicotinic acid, 600 Mg calcium pantothenate, 12 mg choline 
chloride, 12 mg p-aminobenzoic acid, and 3 mg inositol. The 
results of this study are summarized in table 1. 

The work with the wheat flour was carried out for a period 
of 10 weeks and it was intended to conduct the experiments 
on the corn meal rations for an equal period. However, 
the rats on the unsupplemented corn meal rations began to 
fail completely after 6 weeks; hence, it was necessary to 
terminate this study earlier. The animals on the corn meal 
rations were, therefore, kept on experiments for only 6 weeks. 

In table 1 are shown the results of additions of 1, 3 and 
5% cultured yeast (G) to the enriched wheat flour rations. 
The animals on rations containing 89% enriched wheat flour 
served as the controls. The latter ration was also supple- 



TABLE 1 

Influence on growth 1 tin d protein utilization of additions of lysine or tryptophane , or both, and cultured food yeast ( (*) to the 
proteins in enriched floor and in milled corn meal. All data are averages 
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1 Changes in body weight. 

2 Gain in weight per gram of protein intake. 

Note : The experimental period for the animals on the enriched flour rations was 10 weeks ; for those on the corn meal rations, 
6 weeks. The total protein content of each ration for the first groups of rats (flour rations) was 9.17%; for the second groups 
(corn meal rations) 7.97%. 
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mented daily witli 10, 25, 50 and 75 mg lysine hydrochloride, 
which in terms of pure lysine, corresponded to 8, 20, 40 -and 
60 mg, respectively. These amounts of amino acids furnished 
each rat daily approximately 1.6, 4, 8 and 12 mg supple- 
mentary nitrogen, respectively. 

It will be noted that optimum growth and greatest protein 
efficiency were obtained on the 60 mg lysine supplementation 
and on the 5% yeast addition to the ration. However, the en- 
riched flour ration, supplemented with 20 mg lysine daily, 
produced gains in body weight and protein efficiency similar 
to those on the ration containing 3% of the G- yeast. The 
latter ration, however, furnished only 3.1 mg lysine daily. 4 
It will also be noted that the enriched flour ration supple- 
mented with 60 mg lysine produced a protein efficiency ratio 
of 1.86, which is very close to that produced by the 5% yeast- 
containing ration, which is 1.75; and the latter ration supplied 
only 5.1 mg lysine daily. The basal ration supplemented with 
8 mg lysine daily produced a protein efficiency ratio of only 
1.22. It would appear then that the additions of 3 and 5% 
of the (} yeast, which supplied lower intakes than 8 mg lysine 
daily, stimulated growth by virtue of the addition of one 
or more other dietary essentials. One of these may be the 
amino acid, valine, since Light and Frey (’43) found that the 
proteins of wheat are deficient in valine as well as lysine. 
Another possible explanation is that the yeast may have fur- 
nished one or more of the as yet unidentified components of 
the vitamin B complex. 

It is also apparent from table 1 that neither lysine nor tryp- 
tophane added alone improved the biological value of the 
proteins in milled corn meal. As a matter of fact, the addition 
of lysine alone reduced food consumption and lowered the 
protein efficiency ratio compared with results on the unsup- 
plemented basal ration. However, the daily administration 
of 20 mg lysine and 10 mg tryptophane (which furnished about 
5.5 mg of supplementary nitrogen) was accompanied by in- 

4 The lysine and tryptophane contents of the Gr yeast were determined micro- 
biologically at the laboratories of Anheuser-Busch, St. Louis, Mo. 
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creases in growth and protein efficiency similar to those 
characteristic of the ration containing 5% of the G yeast. 
The increased growth on the ration supplemented with these 
amino acids is dne to increased food intakes. Since, however, 
the o% yeast-containing ration supplied daily only 5.1 mg 
lysine and 0.9 mg tryptophane, the yeast must have furnished 
an additional dietary factor or factors to account for such 
gains in body weight with such low intakes of these amino 
acids. 

SUMMARY 

The increased biological value of the proteins in milled 
enriched wheat flour with dried food yeast (G) is due to the 
latter’s provision of the amino acid, lysine, and also possibly 
to one or more other dietary essentials contained therein. 

The increased biological value of the proteins in milled white 
corn meal with dried food yeast (G) is due to the latter’s 
provision of tin* amino acids, lysine and tryptophane, and also 
possibly to one or more other dietary essentials contained 
therein. 

LITERATURE CTTED 

Light, R. F.„ and <\ N. Fkky 1949 Tin* nutritive value of white and whole 
wheat broads. Cereal Chem., 20: ()4r>. 

Mnrniiiih, H. II., and D. 11. Kmittk 19112 The amino acid deficiencies of beef, 
wheat, corn, oats, and soybeans for growth in 1 Tit* white rat. J. Biol, 
(’hem., Of ) : 2d.'!. 

Kvkk, 11. 1941 Tile existence of n new dietary factor essential for lactation. 
,L Nutrition, 2J : 499. 

- 1949 Nutritional improvement of cereal flours and cereal grains. 

•I. Ann Diet. Assoc., 22: 494. 

— 3 P 47 Further stiulies on nutritional improvement of cereal flours 

ami cereal grains with yeast. .1, Am. Diet. Assoc., 22: ILL 




RELATIVE SUPPLEMENTARY V AL UES OF DRIED 
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Iii recent studies (Sure, ’46, ’47) it was shown that when 
as little as 1 and 3% of dried brewers’ yeast (K) or a dried 
cultured food yeast (G) or soybean flour replaced equivalent 
amounts of milled white corn meal or milled enriched wheat 
flour, there resulted pronounced increased growth and in- 
creases in protein efficiency ratios, as evident from gains in 
weight per gram of protein intake. Since the protein content 
of the yeasts was 45 to 50% and that of the soybean flour 
about 50%, the addition of even small amounts of these liigh- 
protein-containing foods produced appreciable increases in 
the total protein content of the rations. Therefore, the pre- 
vious investigations dealt essentially with protein enrichment. 
In this investigation results are submitted on the relative 

1 Published with the approval of the Director of the Arkansas Experiment 
Station. Research paper no. 8(31, Journal Series, University of Arkansas. Aided 
by a grant from Anheuser-Busch, Inc., St. Louis, Mo. A preliminary report of 
this paper was presented before the American Institute of Nutrition, May 22, 
1947, Chicago, Illinois. 
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supplementary values of several high-protein-containing foods 
to tie total proteins as found in the natural state in milled 
white corn meal and in milled enriched wheat flour. No pro- 
teins were isolated from any of the foods used but their total 
protein content was calculated from nitrogen analyses. 

Different batches of wheat flour, corn meal, non-fat milk 
solids and dried sweet-cream buttermilk varied in the total 
nitrogen content. However, in the construction of the rations, 
the necessary adjustments were made in the proportions of the 
high-protein-containing food supplements. In order to cal- 
culate the total protein, the conventional factor of 6.25 was 
not always used, but the different factors for various foods, 
as recommended by D. B. Jones (’31) were employed, i.e., 
5.7 for wheat, 6.25 for corn, yeast, soybean flour, and 6.38 for 
the dried milk solids. Yeasts contain non-protein nitrogen, 
such as purines and pyrimidines. For this reason a minimum 
deduction of 10% was made in calculating the protein content 
of the yeasts. 2 Thus, the true protein content of the G and 
K yeasts used in this study is represented by 90% of nitrogen 
X 6.25. 

All the rations 3 were so constructed that they contained 
the same total protein in the basal corn meal or wheat rations 
as those containing the various supplements. The amounts of 
soybean flour, peanut meal, dried non-fat milk solids, and dried 
sweet-cream buttermilk were added in such proportions that 
they furnished the same amounts of protein as those supplied 
by the G and K yeasts; and the total protein eon touts of all 
these rations were the same. Therefore, the results secured 
can be interpreted as true supplementary values. 

2 Personal communication from H. E. Carter, Department of Biochemistry, 
University of Illinois. 

3 The dried food yeasts were furnished by Anheuser-Busch, St. Louis, Mo. 
The soybean flour, processed and solvent-extracted, was supplied by Archer- 
Daniels Company, Minneapolis, Minn. The peanut meal was a processed product, 
sold under the trade name of “peanut granules / 2 and supplied by Trades Oil 
Mill Co., Port Worth, Texas. The dried non-fat milk solids and dried sweet-cream 
buttermilk were spray-processed Kraft and Borden products. 
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This study was carried ont on Wistar strain albino rats. 
The composition of the rations is given in a previous paper 
(Sure, ’48). Kadi animal on the 89% corn meal and 89% 
enriched wheat dour rations had the following vitamin B 
coni] ilex daily supplement: 100 Mg thiamine, 100 Mg riboflavin, 
300 Mg pyridoxiue, 100 Mg nicotinic acid, 600 Mg' calcium panto- 
thenate, 12 mg choline chloride, 12 mg p-aminobenzoic acid, 
and 3 mg inositol. Each rat which had the 60% corn meal and 
the 60% wheat flour rations received the following daily vita- 
min B complex supplement: 50 Mg of each of the following: 
thiamine, riboflavin, pyridoxiue, and nicotinic acid; 300 Mg 
of calcium pantothenate, 9 mg choline chloride, 6 mg p-amino- 
benzoic acid, and 3 mg inositol. The results of this investiga- 
tion are submitted in tables 1 and 2. 

From table 1 it is evident that on the ration containing 
89% corn meal, the total protein content of which was 7.97%, 
peanut meal proved the poorest supplement. This may be due 
to low food consumption which may have been influenced 
by lack of palatability and/or amino acid deficiencies of the 
peanut meal, since amino acid deficiencies, like vitamin defi- 
ciencies, produce inanition (Rose and Epstein, ’39). There 
seem to be no noteworthy differences between cultured yeast 
(ft), soybean flour, dried non-fat milk solids and dried sweet- 
cream buttennilk when fed as protein supplements to a ration 
containing 75% milled white corn meal. 

On the ration containing 60% corn meal, the protein content 
of which was only 6.08%, there undoubtedly existed pro- 
nounced amino acid deficiencies; hence, peanut meal must 
have furnished supplementary amino acids to corn meal 
proteins, because it produced a definite supplementary effect. 
Nevertheless, peanut meal proved the poorest supplement on 
the lower level as well as on the higher level of corn meal 
intake, compared with the food yeast, soybean flour, and dried 
milk solids. Here again, no marked differences in the relative 
supplementary values were found between the food yeast, 
soybean flour, dried non-fat milk solids, and dried sw T eet- 
cream buttermilk. 



Relative supplementary values of cultured yeast (G), soybean flour, peanut meal , non-fat milk solids, and dried buttermilk , to 
the proteins in milled corn meal (average results per animal for a 6-week period) 
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Tlie results on relative supplementary values of dried food 
yeasts, soybean flour, peanut flour, and the dried milks to tlie 
proteins in milled enriched wheat flour are summarized in 
table 2. Enriched wheat flour was fed at 2 levels of intake 
with 2 and 3% dried yeast (Gf) as a supplement and the rest 
of the high-protein-containing foods were fed in proportions 
which supplied the same amounts of protein as the yeast. 
Enriched wheat flour was also fed at a 60% plane of intake 
with 2%. dried brewers’ yeast (K) added as a basis of com- 
parison. 

From table 2 it would appear that the dried buttermilk was 
the best supplement to enriched flour fed at a 89% level and 
that the non-fat milk solids was a close second. However, 
on a higher plane of food yeast intake and corresponding 
higher intake of the rest of the food supplements, the greatest 
increase in body weight was obtained on the dried buttermilk 
because of the greatest food intake. On very similar food 
intakes, however, the animals on the soybean flour gained con- 
siderably more in body weight and showed a higher protein 
efficiency ratio than the rats on the peanut meal. The animals 
on the dried yeast (0) equalled in protein efficiency ratio 
those on the dried buttermilk. But the outstanding result 
indicated in table 2 is the superior supplementary value ob- 
tained with the dried buttermilk in comparison with the non- 
fat milk solids. This is even more accentuated on the 60% 
enriched wheat flour intake (groups II and III, table 2). 
The inferiority of peanut meal as a supplement compared 
with the other high-protein-containing foods is also quite 
evident. 

When this study was completed in 1947 the interpretation 
was first made that dried buttermilk probably contains an 
essential dietary factor that is deficient in non-fat milk solids. 
However, on examining the container of the dried non-fat 
milk solids 4 it was found that it was purchased in 1946, while 
the dried sweet-cream buttermilk •' was obtained in 1947. Con- 

* A Borden product. 

6 A Kraft product supplied by the American Dry Milk Institute. 
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sequently, it was decided to repeat the work on these dried 
milks with new 1947 products. This was particularly necessary, 
since Hodson and Krueger ( ’47) found that on storage non-fat 
milk solids lost arginine, histidine, methionine and tryp- 
tophane. 

The findings with the 1947 products are summarized in 
table 2, under groups IY and V. This table shows that the 
animals on the 1947 dried non-fat milk solids consumed more 
food than the rats on the 1947 dried buttermilk and, therefore, 
gained more weight. On the lower level of enriched wheat flour 
intake there was a definite higher protein efficiency ratio in 
favor of the dried non-fat milk solids. On the other hand, 
on the higher level of enriched flour intake, the protein effi- 
ciency ratio was the same on the 2 kinds of dried milks. The 
different supplementary values secured with the 2 batches of 
these dried milk solids may be due to different temperatures 
of drying, since Fairbanks and Mitchell (’35) demonstrated 
that with higher temperatures of drying there may occur 
losses of cystine in dried milks. Certainly, there appears to be 
no superiority in the biological value of the proteins in 1947 
processed dried sw T eet-cream buttermilk over that of 1947 
processed dried non-fat milk solids, when used as supplements 
to the proteins in enriched wheat flour. 

SUMMARY 

When used as supplements to the proteins in milled white 
corn meal, there were found very little differences between 
dried food yeasts, soybean flour, non-fat milk solids, and dried 
sweet-cream buttermilk. Peanut meal proved to be the poorest 
supplement. 

When used as supplements to the proteins in milled en- 
riched wheat flour, cultured yeast (G) and brewers’ yeast 
(K) proved to be superior supplements to soybean flour. 
Peanut meal was the poorest supplement. Results with dried 
non-fat milk solids and dried sweet-cream buttermilk were 
variable, perhaps due to having used products that may have 
been subjected to different temperatures of drying. 
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IV. EFFECTS OF MINERAL SUPPLEMENTATION OF THE PREPARTAL 
DIET UPON THE COMPOSITION OF THE BLOOD OF COWS AND 
THEllt CALVES AT PARTURITION 1 

J. THOMAS RETD,-' GEORGE M. WARD AND R. LAWRENCE SALSBURY 3 
New Jersey Agricultural Experiment Station, Sussex, New Jersey 

( Received for publication January 31, 1948) 


Much attention has recently been given to the importance 
both of the calf’s nutrition during fetal life and of the com- 
position of colostrum. In general, these • studies have dealt 
with vitamin A (Thomas et al., ’46; Spielman et al., ’46a, ’46b; 
Wise et al., ’46a, ’46b), vitamin D (Hibbs, ’46; Eaton et al., 
’47a, ’47b), and vitamin E (Parrish et al., ’47a, ’47b) in the 
prcpartal diet and/or in the colostrum of the dam and the 
effects of various treatments upon the blood and liver picture 
of the dam and/or of the newborn calf. Other studies in this 
connection have been concerned with choline (Waugh et al., 
’47), riboflavin (Sutton and Kaeser, ’47) and globulin (Hansen 
et al., ’46; Hansen and Phillips, ’47a, ’47b). Luecke et al. (’47) 
have reported data on tin* levels of iron, copper, cobalt, caro- 
tene, vitamin A, riboflavin, pantothenic acid, nicotinic acid 
and thiamine in the colostrum of the bovine. 

1 Paper of tin* Journal Meries, New Jersey Agricultural Experiment Station, 
Rutgers University, Department of Dairy Industry. This research was supported 
hv an appropriation from the Limestone Products Corporation of America, New- 
ton, New Jersey. 

-Present address: Department of Animal Husbandry, Cornell University, Ttliaca, 
New York. 

3 The authors are indebted to Mr. Paul lloss for the many services rendered 
throughout this study, and to Prof. C. E. tfhuart for the supervision of the feeding 
and management of the animals. 
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Very few data are reported on the effects of minerals in 
the prepartal diet upon the blood picture of newborn calves. 
Several reports, however, show that the level of plasma 
calcium is higher in the calf at birth than in the dam (Meigs 
et al., ’19 ; Eobinson and Huffmann, ’26 ; Theiler et al., ’27 ; 
G-odden and Allcroft, ’32). Groenewald (’35), using a low- 
mineral prepartal diet, found a similar situation for calcium 
and other elements in the blood of the dam and her calf. 
Eobinson and Huffman (’26) and Glodden and Allcroft (’32) 
found greater concentrations of inorganic phosphorus in the 
calf than in the dam. 

In view of the lack of data giving a broad blood picture, 
especially that of the same blood specimen, of the cow and 
her progeny at the time of parturition, it was the purpose 
of this investigation to study the effects of mineral supple- 
mentation upon a number of blood characteristics and con- 
stituents of the cow and her newborn calf, to determine 
whether sex influenced the blood picture of the newborn calf, 
and to study the effects of colostrum upon the composition of 
the blood of the newborn calf. 

EXPERIMENTAL 

Four groups of cows were fed the following mineral sup- 
plements in the concentrate feed during at least the last 2 
months of gestation: group I, basal concentrate feed (com- 
mercial dry cow and fitting ration) ; group II, basal concen- 
trate feed plus 2.5% of CaC0 3 (c.p.) ; group III, basal con- 
centrate feed plus 3.0% of calcite flour 4 and group IV, basal 
concentrate feed plus 3.0% of Mico. 5 The average contents 
of calcium, phosphorus and manganese of these concentrate 
feeds on dry basis are shown in table 1. All cows received 

4 Calcite flour has the following average percentage composition: calcium, 33; 
magnesium, 2.6; manganese, 0.02; iron, 0.20; copper, 0.002 and zinc, 0.02. Product 
of the Limestone Products Corporation of America, Newton, New Jersey. 

6 Mico has the following average percentage composition: calcium, 33; mag- 
nesium, 2; manganese, 0.20; iron, 0.20; iodine, 0.045; copper, 0.025; zinc, 0.01 
and cobalt, 0.002. Product of the Limestone Products Corporation of America, 
Newton, New Jersey. 



MINEBALS IN BOVINE PEEPAETAL DIET 


77 


the same hay and silage and pasture in season. The groups 
were composed of the following numbers of cows : group 1, 12 ; 
group 11, 9; group III, 14 and group IV, 14. 

An attempt was made to obtain blood samples from both 
the cows and their calves immediately following parturition 
and prior to the calves’ sucking. Most of the data were ob- 
tained on samples procured within about 1 hour subsequent 
to calving and before the calf had access to colostrum; in 
7 cases, however, blood was not obtained until the calves 
were several hours old (estimated average age of 4.5 hours) 
and after they had had some colostrum. No colostrum-fed 
calves were over 8 hours old when bled. 


TABLE 1 

Average calcium, phosphorus and manganese contents of concentrate feeds 


GROUP 

Cu 

P 

Mn 


<;'o 

% 

% 

I 

1.00 

0.64 

0.0063 

IT 

1.87 

0.64 

0.0058 

TIT 

2.04 

0.67 

0.0068 

IV 

1.07 

0.65 

0.0112 


The determinations made, and the particular chemical 
methods used to determine the levels of certain blood and 
plasma constituents are as follows: hemoglobin (Sanford, 
Slioard and Osterberg, ’33) ; reduced, oxidized and total gluta- 
thione (Woodward and Fry, ’32) ; calcium (Clark and Collip, 
’25); inorganic phosphorus (Fiske and Subbarow, ’25); acid 
and alkaline phosphatase at pH 5.0 and 9.3, respectively (King 
and Armstrong," ’34); total plasma proteins, globulin and 
albumin (Looney and Walsh, ’39) ; and ascorbic acid (Mindlin 
and Butler, ’38) with certain modifications. The red blood 
cell count and packed red cell volume (hematocrit) were de- 
termined according to standard procedures and the mean 

Procedure modified by Wiese et al. ( ? 39). Unit of phosphatase defined as 1 mg 
phenol liberated from Na 1! ( , 0 H : .l > O 4 substrate in 30 minutes at 37°C. by 100 ml 
plasma. 
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corpuscular hemoglobin and volume were derived by cal- 
culation. 

RESULTS AND DISCUSSION 

The mean levels of various blood and plasma constituents 
of the cows and their progeny are shown by groups in table 2 
and are summarized independently of groups in table 5. 
Although similar levels of hemoglobin and oxidized gluta- 
thione were found in the blood of cows and their calves, the 
blood of calves contained a greater number and was composed 
of a greater proportion of erythrocytes than that of the dams. 
The mean corpuscular hemoglobin and volume were cor- 
respondingly lower in the calves. In these animals, the whole 
blood contained markedly higher concentrations of reduced 
and total glutathione, and the plasma contained higher levels 
of ascorbic acid, acid and alkaline phosphatase, calcium and 
inorganic phosphorus than in the dams. The plasma of the 
cows, however, contained significantly greater quantities of 
total proteins, globulin and albumin than that of the calves. 
Of the differences between the mean levels of constituents 
in the blood or plasma of the dams and their calves, only the 
acid phosphatase for the groups receiving calcium carbonate 
(group II) and calcite flour 1 (group III), the inorganic phos- 
phorus for group II, and the packed red cell volume for group 
III lacked mathematical significance at the 5% level; how- 
ever, these differences (table 5) were significant between all 
dams and calves, disregarding group. 

The concentrations of various blood and plasma constit- 
uents of the cows and of their calves were so similar that it 
seemed that calcium (groups II and III) and calcium with 
trace elements (group IV) were without effect upon the 
constituents of blood studied. It would appear that con- 
centrate feeds containing about 1% calcium are as effective 
in the maintenance of the plasma calcium of both the dam and 
the calf as those containing 2 % calcium when fed with good 
quality roughage. In this regard, Bodanskv and Duff ( ’41) 


T See footnote 4, page TG. 
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demonstrated that normal fetal growth and storage of cal- 
cium and phosphorus occur in rats despite great differences 
in the maternal intake of these elements, and concluded that 
the ability of the fetus to store calcium and phosphorus 
depends upon the maintenance of suitable concentrations of 
these elements in the blood on the maternal side and, probably 
also, on the fetal side of the placental barrier. Our data, in 
which a consistently higher level of calcium was found in the 
newborn calf than in the dam (average difference in plasma 
concentration, 2.19 mg % ) as shown in tables 2 and 5, are not 
in agreement with those reported by Green and Macaskill 
(’28), who concluded that there are no characteristic dif- 
ferences between the blood of the calf and that of the dam 
relative to calcium content. The differences found in our study, 
however, are similar to those reported by Bogert and Plass 
(’23) for this element in the blood of the human mother and 
fetus. 

The outstanding group differences observed were the lower 
levels of reduced and total glutathione of group III cows and 
calves than those of the respective animals of any other 
group. Although the calcite flour in the prepartal diet of these 
cows seemed responsible, the physiological significance of this 
difference is not known. These differences, though, were math- 
ematically significant only between group III (calcite flour 8 
supplemented) and groups I (basal diet) and IV (Mico 9 
supplemented) for reduced glutathione in the dams’ blood, and 
between group III and group IV for total glutathione in 
calves ’ blood. 

With respect to the other constituents studied, it would 
appear that the basal ration (group I), and the basal ration 
supplemented individually by CaC0 3 (e.p.) (group II), calcite 
flour 8 (group III) and Mico 9 (group IV) were equivalent. 
Since the blood composition was not appreciably affected by 
the supplements used in this study, the data for the animals 
of all groups were combined and are presented in table 5. 

8 See footnote 4, page 76. 

9 See footnote 5, page 76. 
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The summarized data (table 5) for all cows compare favorably 
with those reported by Braun (’46) for cows (1.5 to 13 years 
old) on pasture. 

Since the blood picture of mature bulls and cows is known 
to vary in a characteristic manner, the data for the calves 
were grouped in table 3 both according to sex and to the 
supplement fed their dams. These figures would indicate that 
the levels of the various constituents of blood studied were 
not influenced by the sex of the newborn calf or by the mineral 
supplement in the prepartal diet. 

Many recent researches have been directed at the nutritive 
value of colostrum and have shown various effects of this food 
upon the composition (particularly vitamin substances) of 
the blood of the calf. In view of this and of the blood changes 
know'll to occur in calves during the first w r eek of life (Wise 
et ah, ’47), a comparison was made of the blood picture of 
7 calves which had received colostrum before blood was ob- 
tained, and 43 calves from which blood was taken immediately 
after birth and before these calves had suckled. These data 
are summarized in table 4 by groups including both sexes. 
Since mineral supplementation did not perceptibly influence 
the blood composition, the average blood picture for all calves, 
regardless of group, is shown in table 5. The data demon- 
strating the effects of colostrum did not appear to be related 
to sex ; therefore, separate data for bull and heifer calves are 
not shown. The plasma levels of total proteins and globulin 
in the calves having had access to colostrum \s T ere strikingly 
higher than those of calves which were bled prior to nursing. 
The average age of the calves receiving colostrum was ap- 
proximately 4.5 hours when the blood v'as procured for 
analyses. 

IIow'o ( ’21 ) reported that the serum of the newborn calf be- 
fore it has nursed does not contain proteins precipitable by 
17.4% anhydrous Na 2 S0 4 (i.e., blood of the newborn calf does 
not contain euglobulin or pseudoglobulin I). Within a few 
hours after the calf had received colostrum, Howe ( ’21) found 
large amounts of protein (euglobulin precipitable by 13.5% 



Blood and plasma composition of newborn bull and heifer calves (mean ± standard error of the mean) 


+i +i +i 


O « 50 
CO ^ 

o o ci 


3 +l +l +l 


O (O H 
O 05 N 
r-i O C 3 


N O 
t>- O O 
O rH CO 


S3 /— s 2 ,; i s a - 

§. §? p. w ■& — •a — ■ 

o^o 

gg 3 g £ £ 3 

a a pS o e 


b .a 
^ 5 ^ 2 

* I § 1 's 

s’ ■§. s§ s 

' — ' o O' _g IT 1 e3 

cj *g a EQ CIS 

§ a pd .-S rfiS 


aooia 


82 


(units/100 ml) 18.31 ± 5.64 16.53 ± 5.40 9.36 ± 2.00 24.99 ± 5.79 29.94 ± 7.82 22.71 ± 7.06 17.80 ± 3.19 10.84 ± 5.14 

Total proteins (gm %) 2.95 ± 0.09 3.51 ± 0.28 3.55 ± 0.82 2.85 ± 0.33 4.34 ± 0.60 3.59 ± 0.54 3.25 ± 0.27 3.13 ± 0.21 

Albumin (gm %) 1.69 1.69 1.69 1.68 2.06 1.67 1.90 1.81 

Globulins (gm %) 1.26 ± 0.06 1.82 ± 0.35 1.86 ± 0.70 1.17 ± 0.16 2.28 ± 0.38 1.92 ± 0.50 1.35 ± 0.09 1.32 ± 0.11 

Ascorbic acid (mg %) 0.72 ± 0.13 0.56 ± 0.13 0.54 ± 0.07 0,42 ± 0.07 0.59 ± 0.13 0.60 ± 0.06 0.50 ± 0.11 0.51 ± 0.05 



TABLE 4 

Blood and plasma composition of m n brnn calm of both sexes as affected by colostrum fn ding ( mean ± standard > rror of the mean) 



Total proteins (gm %) 4.21 ± 0.12 3.03 ± 0.11 6.67 2.81 ± 0.22 5.68 ± 0.84 3.21 ± 0.20 3.21 ± 0.18 

Albumin (gm %) 1.47 1.73 2.03 1.64 2.16 1.72 1.87 

Globulins (gm %) 2.74 ± 0.08 1.30 ± 0.06 4.64 1.17 ± 0.33 3.52 ± 0.60 1.49 ± 0.17 1.34 ± 0.06 

Ascorbic acid (mg %) 0.57 ± 0.05 0.66 ± 0.10 .46 0.48 ± 0.20 0.62 ± 0.18 0.58 ± 0.06 0.50 ± 0.07 
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Na 3 S0 4 and psendoglobulin I, preeipitable by 17.5% Na 2 S0 4 ). 
Ragsdale and Brody (’23) reported that neither globulin nor 
immune bodies are found in the newborn calf or in the newborn 
calf after the ingestion of normal milk ; but, following the inges- 
tion of colostrum, both are found in the blood serum. These in- 
vestigators believed that globulin and immune bodies from the 
blood of the dam pass unchanged into the blood of the newborn 

TABLE 5 


Blood and plasma composition of cows and newborn calves immediately 
following parturition 


CATEGORY OE INTEREST 

ALL 

cows 

(49)1 

ALL 

CALVES 

(50)1 

CALVES (43)1 
NO 

colostrum - 

CALVES (7) 1 
COLOSTRUM * 


Whole blood 



Hb (gm %) 

13.29 

13.61 

13.87 

12.12 

R.B.C.C. (millions/mm 3 ) 

7.16 

10.19 

10.42 

8.92 

B.B.C.V. (packed cells) (%) 

36.48 

42.30 

43.50 

35.29 

Mean corpuscular Hb (wg) 
Mean corpuscular 

18.56 

13.36 

13.31 

13.59 

volume (ju 3 ) 

50.95 

41.51 

41.75 

39.56 

Reduced glutathione (mg %) 
Oxidized glutathione 

38.29 

56.36 

57.82 

47.78 

(mg %) 

6.79 

7.0S 

7.21 

6.33 

Total glutathione (mg % ) 

45.08 

63.44 

65.03 

54.11 


Blood plasma 



Ca (mg % ) 

Inorganic phosphorus 

9.93 

12.12 

12.21 

11.55 

(mg%) 

5.08 

6.53 

6.47 

6.87 

Phosphatase, acid 
(units/lOO ml) 

Phosphatase, alkaline 

1.23 

2.17 

2.03 

2.94 

(units/lOO ml) 

4.57 

19.09 

18.31 

24.05 

Total proteins (gm %) 

7.04 

3.41 

3.08 

5.40 

Albumin (gm %) 

3.99 

1.78 

1.75 

1.94 

Globulins (gm%) 

3.05 

1.63 

1.33 

3.46 

Ascorbic acid (mg%) 

0.28 

0.56 

0.55 

0.5S 


1 Numbers in parentheses indicate number of animals in each group. 

3 Calves receiving no colostrum before blood was procured for analysis. 

3 Calves bled after colostrum ingestion and at an estimated average age of 4.5 
hours. 
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calf through the mammary gland of the dam and through the 
alimentary tract of the calf. Ledingham (’07) showed that 
during infectious diseases when the immune body content 
of the blood increases, there is a corresponding rise in the 
blood globulin level (the euglobulin fraction showing greater 
change than the pseudoglobulin fraction). According to Little 
and Orcutt ( ’22), calves not fed colostrum at birth are without 
agglutinins, but agglutinins appear in the blood within 1 hour 
and reach a maximum within 5 hours subsequent to the in- 
gestion of colostrum. This would suggest a rapid rate of 
absorption. The study of Ragsdale and Brody (’23) indicated 
that colostrum contains 6-12% globulin. Crowther and Rais- 
trick (’16) suggested that serum globulin is probably identical 
with colostral globulin, although Smith (’46), using more re- 
fined techniques, has pointed out that the 2 globulins are not 
exactly identical. Recently Hansen et al. (’46) found the 
gamma globulin component of calves’ serum to be extremely 
low at birth, but within 18 hours after the ingestion of colos- 
trum the gamma globulin fraction was increased to about 10% 
of the serum proteins. 

A tendency towards a lower level of hemoglobin and a lower 
erythrocyte count and red blood cell volume was observed 
in calves having ingested colostrum than in those not having 
had this food (tables 4 and 5). These observations may have 
been the result of an increased blood dilution in the calves 
which had access to colostrum. Since blood was obtained from 
these calves when their average age was approximately 4.5 
hours, it would appear that colostral globulin reaches the 
blood stream soon after ingestion. Perhaps an increased blood 
volume (or dilution) is a sequel to the increased plasma pro- 
tein concentration. Contrary to the results of some of the 
early studies, the data shown in tables 4 and 5 would indicate 
the presence of small quantities of globulins [precipitable by 
half-saturated (NH.,)oNO,] in the newborn calf prior to the 
ingestion of colostrum. 



86 


J. T. REID, G. AT. WARD AND R. L. SALSBTJRY 


SUMMARY 

A study was made of the effects of calcium and of calcium 
with various trace elements in the prepartal diet upon the 
composition of the blood of 50 calves and their 40 dams 
immediately following parturition. 

Mineral supplements fed for at least 2 months prepartum 
did not elicit perceptible effects upon the levels of calcium 
and inorganic phosphorus in the plasma of the newborn 
calves or of their dams. Of a number of whole blood and 
plasma constituents studied, the outstanding group differ- 
ences found were the lower levels of reduced and total gluta- 
thione in both the cows and calves of group III (ealcite flour 10 
supplemented) than in those of the other groups (basal diet 
alone, calcium carbonate supplemented, Mico 31 supplemented). 

Greater concentrations of reduced and total glutathione, 
calcium, inorganic phosphorus, acid and alkaline phosphatase, 
and ascorbic acid and a greater number of erythrocytes were 
found in the blood of newborn calves than in that of their 
dams ; a greater corpuscular hemoglobin content, corpuscular 
volume, and a higher plasma level of total proteins, globulin 
and albumin were found in cows than in their calves imme- 
diately following parturition. 

Similar concentrations of the various blood constituents 
studied were found, regardless of the sex of the newborn 
calf. 

Seven calves which received colostrum prior to the pro- 
curement of blood for analyses at an average age of 4.5 hours 
had strikingly higher plasma levels of total protein, globulin 
and albumin than those which had not been nursed by their 
dams. The blood of the calves which had ingested colostrum 
contained slightly less hemoglobin, smaller numbers of er- 
ythrocytes and a smaller proportion of the whole blood volume 
consisting of erythrocytes than the other calves, which may 
have been due to dilution of the blood. Small quantities of 
globulin [precipitable by half-saturated (NH 4 ) 2 S0 4 ] were 

ll ‘ See footnote 4, page 76. 

11 See footnote 5, page 76. 
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demonstrable in the plasma of newborn calves prior to tlie 
ingestion of colostrum. 
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TWO FIGURES 

(Received for publication February 27, 1948) 


Deuel and Movitt (’44) reported that rats preferred diets 
containing butterfat to those containing corn oil, cottonseed 
oil, olive oil, peanut; oil, soybean oil, or margarine. This 
preference was ascribed to the flavor of the butter. Parrish, 
Shimer and Hughes ( ’46), using the initial preference method 
of determining food choice, could find little evidence of a pref- 
erence by rats for foods containing butterfat to those con- 
taining corn oil. It was shown in this laboratory that when 
rats were offered their choice of sucrose, hydrogenated veg- 
etable oil, casein, and a salt mixture, a majority of animals 
selected fat to supply the largest part of their caloric require- 
ment (Scott, ’46). 

The present report describes experiments in which other 
fats (corn oil, cottonseed oil, and butterfat) were used as 
choices in place of or in addition to the hydrogenated fat, as 
well as a selection experiment in which the fats were incor- 
porated in mixed diets. This series completes a group of 
experiments in which proteins other than casein (Scott and 
Quint, ’46) and carbohydrates other than sucrose (Scott and 
Ternev, ’47) were studied. 

1 Contribution no. 667 from the Department of Chemistry, University of 
Pittsburgh. Aided by grants of the Nutrition Foundation, Inc., and of the 
Buhl Foundation. 
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EXPERIMENTAL 

In each of the first 3 experiments, 10 male and 10 female 
weanling rats were placed in individual cages and allowed to 
eat a mixed diet 2 offered in all of 4 cups. The experiments 
differed in that the sources of fats in the diets were different. 
Corn oil was used in the first experiment, alkali-refined cotton- 
seed oil in the second, and butterfat in the third. 3 Vitamins 
were fed separately as pills. 4 During a 3-week control period, 
the amount eaten from each cup was recorded daily and the 
cups were then interchanged in a predetermined random man- 
ner. In the 3-week experimental period that followed, the 
choices given the animals were sucrose, casein, salt mixture, 
and the same fat as in the control period, each in a separate 
cup. The amount eaten of each was recorded and the cups in- 
terchanged daily as before. 

In the fourth experiment, 20 male and 20 female weanling 
rats were divided into 4 groups such that each animal had 
1 littermate of the same sex in each of the other 3 groups. 
The members of each group were fed one of the following 
mixed diets in all of 4 cups during the control period: (1) 
10% hydrogenated vegetable oil 5 diet; (2) 10% corn oil diet; 
(3) 10% cottonseed oil diet; (4) 10% butterfat diet; with the 
other constituents the same as in the standard diet. In the 
experimental period all animals were given their choice of 
these 4 mixed diets in separate cups. 

In the fifth experiment, each of 20 rats was placed in a cage 
with 6 cups, all of which contained a diet consisting of 24%. 
casein, 62% sucrose, 4% salt mixture, and 2.5%, each of by- 

11 The mixed diet consisted of 62% sucrose, 10% fat, 4% salt mixture (Jones 
and Foster, ? 42) and 24% casein (Labco <^ vit^lmin-frce ,, ). 

3 Corn oil was obtained from Corn Products Refining Company, cottonseed oil 
from Interstate Cotton Oil Refining Company, and butterfat by washing and 
drying a commercial sweet butter. 

4 One pill was given each rat daily. It contained approximately 60 jug thiamine 
hydrochloride, 120 fig riboflavin, 90 ug pyridoxine hydrochloride, 150 jug calcium 
pantothenate, 10 mg choline chloride, 1 mg a-tocopherol, and 55 I.IT. vitamin A 
and 11 I.U. vitamin A as 0.001 ml Natola j all in a dextrin-powdered sugar base. 

0 ‘ ‘ Primex . 1 9 
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drogenated vegetable oil, corn oil, cottonseed oil, and butter- 
fat.. During the experimental period, 7 choices were allowed 
the animals in separate cups. These were sucrose, casein, 
hydrogenated oil, corn oil, cottonseed oil, butterfat, and salt 
mixture. 

RESULTS 

The growth and food consumption of the animals in the 
3-week control period are shown in tables 1 and 2. In the 

TABLE 1 

Growth and food consumption in the control period 1 


.MIC NT 

.SOURCE 

Wt. gum 

Pood eaten 

Wt. gain 

Food eaten 



tint, 



gm 

ffm 

1 

Corn oil 

83.6 ± 4.0 

361.4 ± 

7.7 

74.5 ± 2.1 

154.7 ± 4.7 

2 

Cottonseed oil 

78.4 ± 4.5 

156.4 ± 

9.5 

62.6 ± 3.0 

136.3 ± 6.9 

3 

Butterfat 

81.8 ± 4.8 

167.4 ± 

9.3 

66.8 ± 3.1 

146.2 ± 6.6 

5 

Mixture 

47.5 ± 7.7 

126.3 ± 11.7 

43.3 ± 4.7 

127.2 ± 8.9 


1 All data in terms of mean and standard error of tlie mean. 


TABLE 2 

Growth and food consumption during the control period (experiment 4) 


FAT SOURCE 


WT. DAW 


FOOD EATEN 


Hydrogenated fat 
Corn oil 
Cottonseed oil 
Batter 


urn, 

73.7 ± 4.1 
77.4 ± 4.0 

02.0 ± 2.9 

71.0 ± 4.4 


gm 

155.9 ± 6.3 

155.0 ±4.9 

140.3 ± 6.9 

152.3 ± 8.1 


7-choice experiment, the animals grew rather poorly for 
no obvious reason. Otherwise, the nutritional value of the 
fats, except that of cottonseed oil, appeared to be approxi- 
mately equivalent. This was indicated by data on weight 
gains in the littermate experiment shown in table 2. 

The choices of the animals during the control period in the 
first 3 and fifth experiments are shown in figure 1, while the 
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choice of fats ill the fifth experiment is shown in figure 2. 
The mixed diets selected by the animals in the fourth. ex- 
periment are summarized in table 3. 


W L U. W 






fe_ V-,- r* 




0 120 0 120 
Fat - gm. Casein - gm. 




Salts - gm. 


Uii 

u. 



o 

o 


Sjm. W U-pu 

-60 0 60 200 1000 4 6 8 
Wt. Change -gm. Total Cal. Cal. Density -Cal./gm. 

Fig. 1 Weight changes and food selections of rats during a 3 -week period. 
The fat offered was in each case: Top histogram — corn oil ; second histogram — 
cottonseed oil; third histogram — butterfat; bottom histogram — 4 fats simul- 
taneously. 
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Oil 
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FAT EATEN > 


O' 

0 

GRAMS 








cs 

O 



Oil 





O' 



30 


Butter- 

fat 


30 


Fig. 2 Selection of fats when offered simultaneously. 


DISCUSSION 

In an earlier experiment (Scott, ’46) where the choices 
offered were with respect to sucrose, salts, casein, and hy- 
drogenated fat, 67% of the animals chose more fat in terms 
of calories than any other item, while 24% selected more 
sucrose, and 9% ate more protein. Hydrogenated fat thus 
being- the food of choice, one might have expected more pro- 
found changes in the selection of other components if one 
offered a fat that was disliked than if one offered a protein or 
carbohydrate that was disliked. 

In these experiments, none of the other fats was preferred 
as much as hydrogenated vegetable oil. The decreasing orders 
of preference were : 1 fat as choice, or fats incorporated in a 
diet— hydrogenated fat >butterfat> corn oil > cottonseed oil; 
4 fats offered simultaneously — hydrogenated fat>corn oil> 
butterfat>cottonseed oil. These effects may have been due 
to the flavor of the fats and oils. Only the hydrogenated fat 


TABLE 3 

Appetite for mixed diets 


DIETARY FAT 





APPETITE FOR DIET CONTAINING 1 



SOURCE IN 
CONTROL PERIOD 

VVT. flAIN 

FOOD EATEN 

Hydrogenated 

fat 

Corn 

oil 

Cottonseed 

oil 

Butter 


Hydrogenated fat 

i/m 

61.2 ± 7,7 

//m 

226.1 ± 18.1 

17.4 ± 

9.2 

— 7.4 ± 3.7 

— 20.9 ± 3.0 

11.8 ± 

7.0 

Corn oil 

64.1 ± 7.6 

235.5 ±14.0 

25.5 ± 

8.7 

— 5.3 ± 6.0 

— 30.4 ±7.3 

9.7 ± 

7.9 

Cottonseed oil 

75.0 ± 5.1 

242.2 ± 7.7 

24.5 ± 

9.3 

— 6.5 ± 7.3 

— 13.6 ± 7.9 

— 4.8 ±10.4 

Butter 

77.0 ± 7.6 

247.2 ± 14.2 

31.5 ± 13.4 

— 5.0 ±9.0 

— 15.8 ± 3.0 

— 10.8 ± 

7.7 

Average 

69.3 ± 3.5 

237.7 ± 6.8 

24.7 ± 

5.0 

— 6.0 ± 3.3 

— 20.2 ± 2.9 

1.4 ± 

4.3 


’Change in percent eaten (experimental minus control) from corresponding cups during experimental 
and control periods. A positive change is indicative of a preference. 
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had ail entirely bland flavor, and only this fat did not undergo 
flavor change on standing at room temperature. The cotton- 
seed oil in particular became rancid quickly when incorpor- 
ated in a diet. An attempt was made to keep fresh fats as 
choices. It was realized, however, that in any case the re- 
action of the animal to various degrees of rancidity or other 
flavor changes of the fats was not predictable. 

The result of offering an unpopular fat such as corn or cot- 
tonseed oil as a choice was the selection by the animals of 
unusually large amounts of sucrose and casein. When several 
fats were offered as choices, little sucrose or casein was eaten. 

These results and those obtained on other carbohydrates 
(Scott and Verney, ’47) and on other proteins (Scott and 
Quint, ’46) lead to 1 general conclusion : In this type of exper- 
iment, each food factor is selected or rejected on its own 
merits relative to the merits of the other possible choices. 
Accordingly, an item is selected by most animals if it is liked 
as well or better than the other possible choices and rejected 
by most animals if it is not liked as well. Such acceptance or 
rejection is generally not related to the nutritional nature of 
the choice, i.e., whether it is a carbohydrate, fat, or protein. 
One can increase the acceptability of a given choice by making 
other choices less acceptable or fewer in number, or decrease 
it by making them more acceptable or more numerous. 

This interdependence of appetites is well illustrated in 
table 4, where data on acceptance from several experiments 
are compiled. Adopting a 20 to 1 level of significance, it will 
be noted that the only time less than the usual number of 
animals ate protein was when it was disliked (egg albumen) ; 
but more than the usual number ate it if several proteins were 
offered, or if the fat was unpopular (corn and cottonseed oils). 
Less than the usual number ate carbohydrate if it was dis- 
liked (lactose) ; but more ate it if it- was well liked (starch), 
if more than 1 carbohydrate was offered, or if the fat offered 
was disliked (corn and cottonseed oils and butter). Loss than 
the usual number selected fat if it was disliked (corn and 
cottonseed oils) or if several carbohydrates were offered. 
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There is little evidence in these studies that would indicate 
what properties of a given selected food item determine its 
acceptability for a rat. One could postulate that a pleasant 
flavor or texture, or the production of a subjective feeling’ of 
well-being would determine a favorable reaction, while an 
unpleasant flavor or texture, or unpleasant subjective symp- 
toms, would have the opposite effect. In fact, there is no 
definite evidence in these studies that any factors other than 


TABLE 4 

Acceptance of various food choices by rats 


CHOICES 

NO. OF 
ANI- 
MALS 

ANI- 
MALS 
SELECT- 
ING 
PRO- 
TEIN 1 2 * 4 5 * 

PROBA- 

BILITY 

ANI- 

MALS 

SELECT* 

2 TNG 
CARBO- 
HYDRATE • 

proba- 
bility a 

ANI- 
MALS 
SELECT- 
ING 
FAT 1 

PROBA- 

BILITY 

Casein, Sucrose, Primex J 

1 87 

53 

1.000 

43 

1.000 

76 

1.000 

Sucrose, Primex 0 and 
Lactalhumin 

20 

11 

.777 

7 

.263 

19 

.490 

Fibrin 

20 

13 

.408 

12 

.503 

17 

.727 

Egg albumen 

20 

6 

.006 

6 

.126 

20 

.145 

Four proteins 

30 

27 

.010 

18 

.501 

30 

.140 

Casein, Primex 7 and 

Starch 

20 

15 

.214 

16 

.012 

16 

.290 

Lactose 

20 

13 

.777 

0 

< .001 

20 

.145 

Dextrin 

20 

15 

.214 

14 

.126 

17 

.727 

Fo ur ca rbohyd ra ten 

20 

13 

.777 

19 

< .001 

13 

.009 

Casein, Sucrose and 

Corn oil 

20 

18 

.010 

16 

.012 

12 

.002 

Cottonseed oil 

20 

17 

.036 

19 

< .001 

8 

< .001 

Dutterfat 

20 

14 

.509 

19 

< .001 

19 

.490 

Four fats 

20 

9 

.152 

6 

.126 

20 

.145 


1 Number of animals that ate enough protein to gain weight over a 3-week period. 

2 Probability that, solely as a result of random sampling, a distribution of .ani- 
mals into groups that did or did not eat a particular choice could be ns improbable 
as that found, provided the expected distribution into groups was that observed 
in the casein, sucrose, Primex experiment. 

2 Number of animals selecting at least 20 gm carbohydrate during a 3-week period. 

4 Number of animals selecting at least 10 gm fat during a 3-week period. 

5 Data taken from Scott ( ’46) . Salt mixture was an additional choice in all cases. 

0 Data, from Scott and Quint (’46). 

7 Data from Scott and Vcimey (’47). 
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the animals’ subjective response to each group of choices 
are important in influencing selection. Because one cannot 
anticipate what the reaction of a given rat to a particular 
choice will be, the selections made under these conditions, while 
quite definite in some cases, often seem quite arbitrary. In 
consequence, the nature of selections from purified components 
of a diet did not appear to bear a demonstrable relation to the 
nutritional or physiologic requirements of the animals. 

SUMMARY 

Hydrogenated vegetable oil was more generally liked by 
young rats than butterfat or corn or cottonseed oils. When 
an unpopular fat was given as a choice, the rats selected much 
more casein and sucrose than when the choice was hydro- 
genated fat. It was concluded that choice of foods when com- 
ponents of a. diet were offered was not related to the nutri- 
tional nature of the choices (i.e., whether a given choice was 
fat, carbohydrate, or protein), but was more probably de- 
pendent on the animals’ subjective response to each partic- 
ular choice. 
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FIVE FIGURES 

(Received for publication February 2, 1948) 


In the quantitative determination of the amino acid re- 
quirements of the chick, the level of protein has been kept at 
approximately 20% of the diet (Almquist, ’47), but the effects 
of variation in the protein level are not known. An investiga- 
tion of the problem should help in the exact definition of 
the amino acid requirements, and in the determination of the 
wisdom of feeding, at a higher dietary level, a protein slightly 
deficient in an essential amino acid in order to provide a satis- 
factory amount of the deficient amino acid in the diet. 

It is well known that proteins slightly deficient in 1 amino 
acid can be fed in amounts which furnish more than the mini- 
mum level of protein, in order to satisfy the requirements for 
that particular amino acid. This is illustrated by the feeding 
of various levels of wheat gluten and other protein concen- 
trates to rats (Barnes et ah, ’45), and by the feeding of 30% 
casein to satisfy the chick’s arginine requirement, which is 
not met by 20% casein (Klose, Stokstad and Almquist, ’38). 
Data are needed to determine the efficiency with which these 
high levels are used. 

The lysine requirement was chosen because it has been 
well established by the use of several different proteins (Alm- 
quist, ’47), and because there is a protein source available 
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(sesame meal) which, when fed at the 20% protein level, fur- 
nishes adequate amounts of all essential amino acids except 
lysine (Gran and Almquist, ’44). 

METHODS 

White Leghorn chicks were reared on a stock diet for the 
first 2 weeks after hatching, then were segregated on the 
basis of weight into groups of 7 or 8 chicks, and given the 
experimental diets. The birds were housed in electrically 
heated ' battery brooders with wire floors ; feed and water 
were supplied ad libitum. The chicks were weighed every 
other day during an 8-day period, and feed consumption was 
determined after 8 days. The basal diet consisted of calcium 
gluconate 8, tricalcium phosphate 2, sodium dihydrogen phos- 
phate 1 1, potassium chloride 0.6, sodium chloride 0.5, choline 
chloride 2 0.2, inositol 3 0.1, cholic acid 3 0.1, crude soybean oil 
5, mixed tocopherols 4 0.05 and fortified sardine oil (3000A- 
400D per gm) 0.25 gm per 100 gm diet, and thiamine 1, 
riboflavin 1, pyridoxine 1, nicotinic acid 5, calcium (d) panto- 
thenate 3, 2-methyl-l,4-naphthohydroquinone diacetate 1, bio- 
tin 0.1, pteroylglutamic acid 2 1, manganese 10, silicon 46, mag- 
nesium 48, aluminum 8, iron 14, copper 1, zinc 1, iodine 0.8 
and cobalt 0.5 mg per 100 gm diet. Sesame meal and n-lysine 
monohydrochloride monohydrate from commercial sources 
were added as desired, and glucose 5 was added to a total of 
100 gm. The sesame meal contained 43.6% crude pvotoin 
(N X 6.25). 

1 In some early experiments, dipotassium phosphate was used instead of sodium 
phosphate. In order to retain the same levels of potassium, phosphorus and 
sodium, changes were made in the levels of the chlorides. 

2 Provided by Lederle Laboratories Division, American Cyanamid Co., through 
the courtesy of Dr. T. H. Jukes. 

“ Present only in the early experimental diets ; omitted after it was found to have 
no effect on growth. 

4 Concentrate of natural mixed tocopherols (15%), Distillation Products, Inc., 
Rochester, N. Y. 

5 Cerelose. 
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The growth rates were obtained by multiplying the average 
gain per chick per day by 100 and dividing by the average 
weight during the experiment, to give the per cent gain per 
day (Grrau and Almquist, ’43). 

RESULTS 

In figure 1, the growth rates for the various groups are 
plotted against the levels of supplementary lysine, at 4 pro- 
tein levels. When only 5% protein was present, the best 
growth obtained was only about 1% per day, and this rate 



Figure 1 Figure 2 

Fig. 1 Effects on growth of different levels of protein and of supplemental 
lysine. Each circle represents a group of 7 or 8 chicks, kept for 8 clays on the 
diet after an initial period of 2 weeks on a eontrol diet. 

Fig. 2 Effects of protein level on growth rate, at various levels of supplemental 
lysine. The curves are drawn from the curves of figure 1. The circles represent 
additional experimental grouj>s at protein levels other than those plotted in 
figure X; their lysine levels are enclosed in parentheses. The other numbers are 
levels of supplemental lysine. 
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required the addition of approximately 0.1% lysine." Al- 
though the point of inflection of this curve is not sharply 
defined, the rapid initial rise indicates that the minimum 
amount of lysine for this level of protein is approximately 
0.1%. It is apparent that higher levels had no significant 
effect on the growth rate. The minimum supplemental lysine 
level for optimum growth with 10% protein is sharply de- 
fined at 0.2% ; the growth rate was not affected by the feeding 
of higher levels of lysine. The 20% protein curve is estab- 
lished by groups from 6 different experiments, including 1 
experiment reported previously (Grau, Kratzer and Asinund- 
son, ’46). While there was more variation at this protein 
level, the averages at any one lysine level fall close to the line 
drawn. The curve indicates that 0.3% added lysine was needed 
for maximum growth, which was 7% per day, as compared 
with 4.5% per day with 10% protein. With 30% protein, a 
growth rate of 4.7% per day was realized without supple- 
mental lysine; about 0.3% added lysine supported maximum 
growth. 

In figure 2, these data are plotted in order to show the effect 
on growth of variation in the protein supply at several con- 
stant levels of supplemental lysine. The curves are taken 
from the curves of figure 1, except for 4 experimental points 
which are added from groups fed 15% and 35% protein. Not 
enough data for these protein levels were available to define 
curves for figure 1. 

Even without supplemental lysine, the growth rate in- 
creased as the protein level increased, in a manner similar 
to that observed by Barnes et al. (’45). Addition of 0.1% 
lysine increased the growth rate at all protein levels, but 
0.2% lysine was effective only at protein levels above 5%. 
Similarly, 0.3% lysine was effective only when the protein 
level was above 10%; curves for lysine levels above 0.3% 
coincided with that of 0.3%. 

^All data are calculated on the basis of lysine itself, although the monohydro- 
chloride monohydrate was the form used. 
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Sesame meal protein contains 2.8% lysine (Block and Bol- 
ling, ’45), so that the concentration of lysine in the basal diet 
is 0.14% at the 5% protein level; 0.28% at 10% protein; 0.56% 
at 20% protein; and 0.84% at 30% protein. When these basal 
levels are taken into account, the growth curves become 
oriented as shown in figure 3. These curves demonstrate 
clearly that when expressed in per cent of the diet needed to 
promote maximum growth, the lysine requirement increased 



Eig. 3 Effects on growth of different levels of lysine and of protein. The 
curves are those of figure 1, with account taken of the lysine furnished by the 
sesame meal. 


as the protein level increased, even at the 20% and 30% 
protein levels, where the maximum growth was also the best 
growth attainable by chicks under these conditions. The 20% 
protein level required 0.87% total lysine, which agrees re- 
markably well with the level (0.9%) originally set by Alm- 
quist and Mecelii (’42). 

To ascertain whether or not the differences between protein 
levels were nullified by differences in feed consumption, actual 
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lysine intakes were calculated for each group. In figure 4, 
the results are plotted against the growth rate. 7 It is apparent 
that at any given growth rate below the maximum, more lysine 
is ingested at high, than at low protein levels. 



Fig. 4 Lysine consumption related to growth rate at 4 protein levels. 


DISCUSSION 

Since the conclusions drawn from this investigation are 
based primarily on growth rates of young animals, this basis 
for establishment of requirements should be justified. The 
strongest argument in favor of gain in weight as an adequate 
measure of protein and amino acid utilization is that there 
exists a constant tissue protein composition, regardless of the 
dietary level of an essential amino acid (Grau, ’47). The 
question which remains is whether or not body weight is an 

7 The plot here is gain per 100 gm body weight (per cent gain) against lysine 
consumed per 100 gm body weight. Comparison of total gain against total lysine 
consumed presents the same general picture. 
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adequate measure of tissue protein content. Barnes et al. 
(’45) found that the maximum range of protein content of rat 
carcasses within a large range of protein levels and between 
proteins varying widely in value was “well within the ex- 
perimental error of most biological assay methods with small 
numbers of animals.” Results with chicks (Grau, ’46) in- 
dicated that the phenylalanine level of the diet had no marked 
effect on the protein content of the carcass, and although poor 
diets produced carcasses with a low fat content, the effects 



Fig. 5 The upper curve shows the relation of protein level to lysine require- 
ment for maximum growth. The lower curve shows the level of lysine supplied by 
various levels of sesame meal protein. 


on gain or loss of fat per day were negligible compared with 
gain or loss in weight. 

In figure 5, the minimum lysine requirement for maximum 
growth which a particular level of protein will allow is plotted 
against the protein level, using the data from figure 3. Also 
shown in the same figure is the lysine supplied by various 
dietary levels of sesame meal protein. It should he noted 
that while the lysine requirement increases as the protein 
level is raised from 20% to 30%, this change causes no effect 
on the maximum growth rate (fig. 2). 
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The question of the availability of lysine in sesame meal 
must be considered as a possible cause for the results obtained. 
Except for the unlikely possibility that tlie proportion of 
available lysine varies with the protein intake, any effect 
of low digestibility of the protein or unavailability of the 
lysine would affect all protein levels by shifting the curves 
of figure 3 to the left. Some requirement difference for maxi- 
mum growth would remain, however, because the curves have 
different slopes. Furthermore, the lysine requirement at the 
20% protein level found here agrees very well with data ob- 
tained with other protein sources (Almquist, ’47). Perhaps 
the strongest evidence in favor of the high availability of 
lysine in sesame meal rests on the slope of the curves at lysine 
levels below the minimum for best growth. Complete lack 
of an essential amino acid causes a loss in weight of about 
3% per day under conditions such as these, and from this 
point the curve of growth rate against amino acid level rises 
along a straight line to optimum growth (Almquist, ’47). If 
an appreciable portion of the lysine present in sesame meal 
were unavailable, the slope of these curves would have to 
be greater in order to approach a loss of 3% per day at 0 
lysine. Extrapolation of the curves of figure 3 shows that they 
intersect the ordinate at growth rates of between —1.5 and 
—3% per day. Thus the level of lysine available to the chick 
must be close to the total calculated lysine level. 

The results presented above indicate clearly that, the lysine 
requirement must be defined in terms of the protein level of 
the diet. These results cannot yet be generalized to include 
all the other essential amino acids; however, the chick re- 
quirement for methionine has been found to increase as the 
protein level is increased. 

A protein such as that of the sesame seed, which does not 
satisfy the lysine requirement when fed at the 20% protein 
level, may be fed at a higher level in order to approach the 
satisfaction of the requirements, but at the higher protein 
level the lysine requirement is higher; hence, the lysine will 
be less efficiently used, as will all the other amino acids. 
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The application of these results to the biological assay of 
lysine in proteins indicates that the addition of proteinaceous 
material containing an unknown amount of lysine to a diet 
deficient in lysine will give an estimate of the lysine content 
below the actual value. For example, if sesame meal is to be 
assayed, and the 20% protein curve of figure 3 serves as the 
basis of the assay, the growth obtained by adding 10% 
sesame meal protein will be the same as that obtained with 
the unsupplemented 30% protein level. When the observed 
growth rate (4.8%) is projected on the 20% curve and the ly- 
sine content of the diet is read off, the apparent lysine level of 
the diet will be found to be 0.67%. Since 20% sesame protein 
contains 0.56% lysine, 0.11% was apparently added by the 
10% sesame protein. But 10% of sesame protein actually con- 
tains 0.28% lysine; thus the bioassay is in error by 0.17% of 
the diet, which is 61% of the actual amount. If the bioassay 
were correct, either the requirement for or the availability of 
the lysine, or both, would have to be much smaller. The argu- 
ments against these possibilities have been pointed out above. 8 

It has been reported recently that high casein levels increase 
the need for supplementary arginine in chick diets (Hill and 
Van Poucke, ’47), but whether this effect is of the same type 
as that reported here cannot be stated until further experi- 
ments have been conducted. 

SUMMARY 

Various levels of sesame meal protein and lysine have been 
fed to young chicks, and the effects on growth and feed con- 
sumption have been observed. It was found that as the protein 
level was increased, the lysine requirement for maximum 
growth at a particular protein level increased. This was true 
whether the lysine requirement was expressed as percentage 
of the diet, or as the weight of lysine consumed per day per 
unit of body weight. 

8 Methionine bioassays showed no such discrepancy between chemical and bio- 
logical methods of analysis when the protein level was kept constant (Gran and 
Almquist, ? 45). 
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Amino acid requirements may best be expressed in terms 
of percentages of the diet at a particular protein level, pref- 
erably the minimum protein level necessary to promote rapid 
growth. 

While higher levels of sesame protein provide higher levels 
of lysine, this additional lysine is inefficiently used, because 
the requirement for it is also increased. Other amino acids are 
also inefficiently used, because the protein level is above the 
optimum. 

A lysine bioassay procedure in which the amino acid con- 
tent of proteinaceous material is determined by addition to a 
sesame meal diet will produce erroneous results unless cor- 
rections are made for the increased lysine requirement with 
increased protein levels. 
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Rose and Rice (’39) have shown that, in order to maintain 
positive nitrogen balance in adult dogs, a certain minimum 
quantity of each of the 9 essential amino acids must he ad- 
ministered daily. Thus, in part at least, a single indispensable 
amino acid, if present in smaller amount than the rest in re- 
lation to the quantitative requirements of the animal, may 
determine the utilization of a mixture. A well-known illustra- 
tion of this fact is the increased growth of young rats obtain- 
able by adding either cystine or methionine to diets in which 
less than an optimum amount of casein is the sole source of 
protein (Osborne and Mendel, ’13; Cox, Mueller, Elman, 
Albanese, Ivemmerer, Barton and Holt, ’47). In this case, 
methionine is the amino acid limiting the utilization of this 
protein. Thus, the mixture supplying the amino acids in the 
respective proportions most nearly meeting the animal’s 
quantitative requirements should maintain positive balance at 
the lowest level of nitrogen intake. 

'Present address: State University of Iowa, Iowa City. 
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With this in mind, experiments have been carried out to 
determine the minimum quantity of nitrogen which must be 
administered in the form of various proteins and hydrolysates 
to maintain positive nitrogen balance. The effect of adding 
methionine to casein and to an acid hydrolysate of casein has 
also been studied. Data so obtained make possible quanti- 
tative comparison of the efficiency of various amino acid 
sources for the maintenance of positive nitrogen balance. The 
protein, or mixture of amino acids, which maintains positive 
nitrogen balance at the lowest level of nitrogen administra- 
tion probably contains the amino acids in proportions most 
nearly approximating the requirements of the animal. When 
the quantitative requirements of the species are known, the 
amount of nitrogen, in the form of various proteins or amino 
acid mixtures, necessary for maintenance will be an excellent 
measure of the biological value of the material. 

The procedure and diet employed were the same as re- 
ported previously (Kade et al., ’46). At all times approxi- 
mately 75 cal. per kilogram of body weight were fed as a 
practically nitrogen-free diet, which contained approximately 
60 mg of nitrogen per 100 gm of food, of which 40 mg origi- 
nated in the vitamins added. Thus, the diet contributed ap- 
proximately 10 mg of nitrogen per kilogram of body weight 
which was always taken into account in determining the total 
nitrogen fed. The amino acids were administered by incor- 
poration in the food or separately by stomach tube. All test 
periods were 7 days, but the urine was analyzed daily. This 
was done primarily to follow the trend of nitrogen excretion. 
In order to eliminate the necessity of altering the quantity of 
nitrogen being fed as the weight of the animal varied, an op- 
timum body weight at a nutritive state of 0.30 was estimated 
for each test dog by the Cowgill and Drabkin (’27) formula 
W — (0.3L) 8 , where W = weight in kilograms and L = length 
in centimeters. 

The following experiments gave the data presented in the 
accompanying graphs. Each graph represents a separate de- 
termination of the minimum quantity of nitrogen in the form 
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of a protein or hydrolysate necessary to maintain equilibrium. 
All the animals were in the same nutritive condition. Con- 
sistent and reproducible values can be obtained only when the 
dogs are carefully brought to this standard condition of 
minimum nitrogen metabolism. This is accomplished, as out- 
lined in the previous paper, by feeding a 7 % casein diet at a 
nitrogen intake of 150 mg per kilogram for several weeks. 





Figs. 1, 2 and 3 Nitrogen balance with lactalbumin as the sole source of amino 
acids. The figures in parentheses indicate the daily nitrogen intake per kilogram 
of body weight during that week. 
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DETERMINATION OF THE MINIMUM NITROGEN INTAKE 
NECESSARY FOR MAINTENANCE OF POSITIVE 
BALANCE IN THE ADULT DOG 

Experiment 1. Lactalbumin. 2 The data presented in figures 
1, 2 and 3 show that approximately 80 to 90 mg of nitrogen 
per kilogram of body weight, furnished as this lactalbumin, is 
sufficient for maintaining nitrogen balance in the adult dog. 

Experiment 2. Blood fibrin . 3 The data of figures 4 and 5 
show that approximately 100 to 110 mg of nitrogen per kilo- 




Figs. 4 and 5 Nitrogen balance with blood fibrin as the sole source of amino 
acids. The figures in parentheses indicate the daily nitrogen intake per kilogram 
of body weight during that week. 

3 Borden’s lactalbumin 15-42, 12.6% nitrogen. 

3 Wilson Laboratories blood fibrin, 15.5% nitrogen. 
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gram of body weight, furnished as this blood fibrin, is sufficient 
for maintaining nitrogen balance in the adult dog. 

Experiment 3 . Casein .* The data in figures 6 and 7 show 
that approximately 130 to 140 mg of nitrogen per kilogram of 
body weight, furnished as this casein, is sufficient for main- 
taining nitrogen balance in the adult dog. 

Experiment 4 . Casein supplemented with adequate amounts 
of methionine ? The data in figures 8 and 9 show that approxi- 



DOG NO 17, 7.5 Kg 



Figs. 6 and 7 Nitrogen balance with casein as the sole source of amino acids. 
The figures in parentheses indicate the daily nitrogen intake per kilogram of body 
weight during that week. During the third week 20 mg of additional methionine 
was added per day. 


4 Sheffield new process casein, 14.14% nitrogen. 

5 Sufficient methionine added to bring total daily methionine intake to 53 mg 
per kilogram of body weight. Casein was assumed to have 3.2% methionine (Block 
and Bolling, *45). 
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mately 90 mg of nitrogen per kilogram of body ■weight, fur- 
nished as casein supplemented with adequate amounts of 
methionine, is sufficient for maintaining nitrogen balance in 
the adult dog. 

Experiment 5. Hydrolysates of casein. The data of figures 
10, 11, 12, 13 and 14 show that approximately 130 to 140 mg of 




Figure 9 

Pigs. 8 and 9 Nitrogen balance with casein supplemented with sufficient 
methionine to bring the total daily methionine intake to 53 mg per kilogram of 
body weight. Casein was assumed to have 3.2% methionine (Block and Bolling, 
? 45). The figures in parentheses indicate the daily nitrogen intake per kilogram 
of body weight during that week. 

nitrogen per kilogram of body weight, furnished as hydro- 
lysates of casein prepared by enzymatic hydrolysis, partial 
acid hydrolysis or complete acid hydrolysis and fortified with 
tryptophane, is sufficient for maintaining nitrogen balance in 
the adult dog. , 
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Experiment 6. An add hydrolysate of casein 6 supplemented 
with adequate amounts of tryptophane and methionine. The 
data in figures 15, 16, 17 and 18 show that approximately 90 mg 
of nitrogen per kilogram of body weight, furnished as a partial 
acid hydrolysate of casein and supplemented with adequate 



DOG NO. 39, 6 kq 



Figure 11 

Figs. 10 and 11 Nitrogen balance with a partial acid hydrolysate of easein 
(Sahyun, Kade and Houston, ’47) supplemented daily during the first week with 
20 mg per kilogram of body weight of DL-tryptophane and 35 mg per kilogram of 
body weight of DL-methionine, and supplemented daily during the second, third 
and fourth weeks with 20 mg per kilogram of body weight of DL-tryptophane. The 
figures in parentheses indicate the daily nitrogen intake per kilogram of body 
weight during that week. 


quantities of methionine and tryptophane, will maintain nitro- 
gen balance in the adult dog. 

Figure 19 summarizes briefly the minimum nitrogen require- 
ments of the adult dog for the maintenance of nitrogen balance 
when the nitrogen is furnished by the tested proteins or 
hydrolysates. 

Sheffield new process casein, 14.14% nitrogen. 
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Figure 12 



DOG NO 29, 10 kg 


•J 

n 

JLr 

nJ 

0 - 

nr 




■* 



(ISO) 


(140) 


(130) 3 (140) 4 (ISO) 5 

IWEEKS 


Figure 14 


Pig. 12 Nitrogen balance with a partial acid hydrolysate of casein (Sahyun, 
Kade and Houston, '47) supplemented daily with 20 mg per kilogram of body 
weight of DL-tryptophane. The figures in parentheses indicate the daily nitrogen 
intake per kilogram of body weight during that week. 

Pig. 13 Nitrogen balance with a complete acid hydrolysate of casein (Sahyun, 
; 41) supplemented daily with 20 mg per kilogram of body weight of DL-tryptophane. 
The figures in parentheses indicate the daily nitrogen intake per kilogram of body 
weight during that week. 

Pig. 14 Nitrogen balance with an enzymatic digest of casein (B-C-4-13) as the 
sole source of amino acids. The figures in parentheses indicate the daily nitrogen 
intake per kilogram of body weight during that week. 
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Figure 18 

Pigs. 15 and 16 Nitrogen balance with a partial acid hydrolysate of casein 
(Sahyun, Kade and Houston, '47) supplemented daily with 20 mg per kilogram 
of body weight of DL-tryptophane and sufficient DL-methionine to bring the total 
daily methionine intake to 53 mg per kilogram of body weight. The hydrolysate 
was assumed to have 3.2% methionine. The figures in parentheses indicate the 
daily nitrogen intake per kilogram of body weight during that week. 

Pigs. 17 and 18 Nitrogen balance with a partial acid hydrolysate of casein fed 
at a level of 90 mg per kilogram of body weight per day and supplemented daily 
during the first and third weeks with 20 mg per kilogram of body weight of DL- 
tryptophane and sufficient DL-methionine to bring the total daily methionine intake 
to 53 mg per kilogram of body weight. The hydrolysate was assumed to have 3.2% 
methionine. During the second week the methionine was omitted. 
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Considerably more nitrogen is required to maintain equi- 
librium when it is fed in the form of casein than in the form 
of lactalbumin. However, if the casein is supplemented with 
methionine, the requirement is approximately the same as for 
lactalbumin. 

Casein hydrolysates prepared by enzymatic or acid degrada- 
tion, either completely or only partially hydrolyzed, are equal 
in their ability to maintain nitrogen equilibrium in the adult 



Fig. 19 Minimum quantity of nitrogen, furnished as protein or hydrolysates of 
protein, necessary for maintenance of nitrogen balance in the adult dog: (a) 
lactalbumin, (b) fibrin, (c) casein, (d) casein plus methionine, (e) complete acid 
hydrolysate of casein plus tryptophane, (f) complete acid hydrolysate of casein 
plus tryptophane and methionine, (g) partial acid hydrolysate of casein plus 
tryptophane, (h) partial acid hydrolysate of casein plus tryptophane and meth- 
ionine, and (i) enzymatic hydrolysate of, casein. 


dog if the tryptophane destroyed in processing is restored. 
These hydrolysates are equivalent to the native casein in the 
maintenance of nitrogen balance. Approximately 140 mg of 
nitrogen per kilogram of body weight must be furnished, either 
as the native casein or as hydrolysates prepared from it. 
Adding adequate methionine to any of these hydrolysates of 
casein or to the casein itself lowers the nitrogen requirement 
to 90 mg per kilogram of body weight. 
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DISCUSSION 

While this study was in process, a publication by Eisser 
( ’46) appeared in which much the same method was described. 
In general, the results reported here are in agreement with 
those of Eisser. The discrepancies in the approximate values 
obtained for casein and fibrin can probably be ascribed to the 
differences in methods used for determining the standard 
weight of the animal and for calculating the amount of nitro- 
gen fed. Eisser used the kennel weight of the dog, but the ex- 
perience in our laboratory is that the animals are always 
underweight when received and that after a few weeks on this 
diet they gain significantly. 

In spite of adjusting the food intake to maintain a steady 
nutritive state, all animals on these diets continued to gain 
weight though more slowly in negative nitrogen balance. The 
rate of increase became very small after the dog reached a 
nutritive state of 0.30. No changes in weight over weekly 
periods as large as those reported by Eisser were observed. 

Since the animals obtained approximately 10 mg of nitrogen 
per kilogram of body weight from the basic diet, primarily as 
the vitamins, the actual nitrogen intake from the amino acid 
source was less by this amount than the total nitrogen intake 
indicated. However, since the balance is based on the differ- 
ence between intake and excretion, and the non-amino acid 
nitrogen is constant and necessary, all results are expressed 
on the basis of total nitrogen required to maintain balance. 
If this 10 mg of nitrogen per kilogram of body weight were 
subtracted from values reported here, there would be no sig- 
nificant differences between these results for casein and fibrin 
and those reported by Eisser. 

Eisser (’46) suggests that the difference in the utilization 
of casein and fibrin might be due to “incomplete hydrolysis 
of the protein in the digestive tract.” In this connection it is 
interesting to note that a complete hydrolysate, the partial 
acid hydrolysate, or an enzymatic hydrolysate of casein is no 
better than the casein itself. This tends to eliminate the pos- 
sibility that the sulfur-containing amino acids in casein are 
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not liberated at a sufficiently rapid rate to be fully utilized. It 
would be a most unusual coincidence if the destruction of the 
sulfur-containing amino acids and removal in the preparation 
of these different hydrolysates should be exactly equal to “the 
slower enzymatic release. ’ ’ Moreover, the fact that the addi- 
tion of the methionine to casein and to its hydrolysate produces 
almost exactly the same effect seems to indicate that it is the 
pattern of amino acids rather than incomplete hydrolysis 
which accounts for the lower utilization of casein in compari- 
son with fibrin or lactalbumin. 

It is unlikely that strepogenin or other unidentified weight 
growth factors (Sprince and Woolley, ’45; Rose and Womack, 
’46) play any role in the utilization of these proteins and 
hydrolysates in the adult animals since there probably are 
none present in the complete acid hydrolysate which by this 
test is equivalent to the native casein which does contain 
strepogenin. 

It is important to note that all these minima are for adult 
animals. It is entirely possible that the minimum levels of 
these proteins or hydrolysates will not furnish an adequate 
amount of some one of the amino acids required by the grow- 
ing animal. In addition, the growing animal’s need for one or 
more amino acids in particular may be so much larger that 
the limiting amino acid in the utilization of the mixture may 
not he the same. Thus, the relative values of proteins may not 
be the same for growing as for adult animals. 

Species differences in amino acid requirements are also 
very likely to affect both the quantitative requirement and the 
relative value of the protein or mixture. However, data ob- 
tained on 1 species under 1 set of conditions will necessarily 
have qualitative meaning for other species whose amino acid 
requirements are qualitatively similar. 

SUMMARY 

Since the biological value of any protein or mixture of amino 
acids will be dependent, at least in part, on the amino acid 
that is present in the lowest proportion to its quantitative re- 
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quirement, it is possible to determine the relative values of 
nitrogen sources by determining the minimum quantity nec- 
essary for maintenance of nitrogen balance. It has been shown 
that only 90 mg of nitrogen per kilogram of body weight is 
required in the form of lactalbumin, and 140 mg of nitrogen 
per kilogram of body weight as casein, a partial acid hydroly- 
sate of casein fortified with tryptophane, a complete acid 
hydrolysate of casein fortified with tryptophane, or an enzy- 
matic hydrolysate of casein. However, when fortified with 
adequate amounts of methionine, either casein itself or the 
hydrolysates Mill maintain nitrogen balance with only 90 mg 
of nitrogen per kilogram of body weight. 
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Tie need for more accurate information concerning the 
energy expenditure of boys and girls of all ages is felt 
whenever the problem of recommending Calorie allowances 
for children arises. Most of our present knowledge of the 
energy needs of boys and girls has come from studies of food 
consumption in relation to gains in height and weight. As 
noted by Taylor, Lamb, Robertson and MacLeod (’48), few 
measurements of the actual energy expenditure Of children 
have been made as compared with the large number on adults. 
That children spend more energy per kilogram of body weight 
in certain activities than do adults engaged in the same 
activities has been found in studies conducted in this labora- 
tory. Thompson (’40), comparing the energy expenditure of 
young girls during quiet play and cycling with that of college 
women engaged in the same activities under identical condi- 
tions, found the energy cost of quiet play (exclusive of the 
basal metabolism) for the girls to be more than 3 times that 
for the women and the difference for cycling was of about the 
same order of magnitude. Similar differences for boys and 

1 Visiting Professor of Nutrition, on leave from the Woman's College, Uni- 
versity of North Carolina, Greensboro, N. C. Present address: Teachers College, 
Columbia University. 
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college men were found by Lamb (’42). Such comparisons 
emphasize the need for more accurate information concerning 
the energy requirements of children. 

Since differences in the daily activities of children begin to 
be more varied at au age when physical development and 
muscle coordination are such that they can and do perform 
many of the same tasks as adults, the age range of 9 to 11 years 
was selected as the starting point for an extensive study of 
the energy expenditure of boys and girls in a number of 
activities. A survey was made of the activities engaged in 
by a large number of 9- to 11-year-old boys and girls living 
under different conditions. 2 As was anticipated, this survey re- 
vealed a great variety of activities which need to be inves- 
tigated. It was decided to investigate first those which are 
common to most children. This paper reports the energy 
expenditure of 9- to 11-year-old boys and girls when standing- 
drawing (an activity common to all school children who work 
at blackboards) and when dressing and undressing. 

SUBJECTS 

Seven boys and 12 girls, ranging in age from 9 to 11 years, 
were selected as experimental subjects. Some of these children 
attended a private school and lived at home with their 
parents, and some came from a children’s home where they 
lived under more routine conditions. Health records re- 
ported by physicians were studied to ascertain the health 
status of the children and to make sure that they had no 
physical defects and might be considered average normal 
individuals. The weight, height, surface area and deviations 
from predicted weight for height and age (Baldwin-Wood 
standards) were determined. The average values are given in 
table 1. 

PROCEDURE 

The activity studies were carried out in the open-circuit 
respiration chamber described by Taylor, Lamb, Robertson 

3 Findings of this survey will be reported at another time. 
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and MacLeod ( ’48) . Tlie total weight of carbon dioxide pro- 
duced during an experimental period was determined by 
analysis of a sample of the chamber air at the beginning and 
at the end of the period and adding the difference to the in- 
crease in weight of the absorbing train during the period. 
The Carpenter modification of the Haldane gas analysis ap- 
paratus (’23, ’29) was used for determining the carbon dioxide 
content of the chamber air. The carbon dioxide produced by 
2 children during an experimental period was divided by 2 
to obtain the average carbon dioxide production per child. 

Two walls of the chamber were covered with large sheets 
of drawing paper placed at blackboard height, and pictures, 
which could be copied or colored, were also placed on the walls 
to provide inspiration for those children whose imaginations 
needed a little stimulation. One wall of the respiration cham- 
ber was fitted with 2 small mirrors placed at suitable height 
so that the children could comb their hair without any undue 
stooping or stretching. The activity studies were conducted 
in the afternoon after school and the children were asked to 
bring gymnasium clothes for the dressing and undressing 
activity. 

On arrival in the laboratory, the children placed their 
clothes in small suitcases and each child was given a box of 
colored crayons and a game or puzzles to take into the cham- 
ber. Two boys or 2 girls were studied at a time. In this way it 
was possible to keep the children in the respiration chamber 
for a shorter period of time and still collect sufficient carbon 
dioxide to maintain a satisfactory degree of accuracy. Also, 
for an experimental period lasting 35 minutes, it was more fun 
for the children when 2 of them could be subjects at the same 
time. Before entering the chamber they were given detailed 
instructions regarding the procedure for the test. 

After entering the chamber they sat quietly for a 10-minute 
rest period during which time they were permitted to play 
Chinese checkers or to work on “Goofy” puzzles. They were 
then given the signal to start drawing and this activity was 
continued for a period of 15 minutes. They were free to draw 
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1 First number in each set refers to years, the second to months. 
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anything they wished but were asked to keep actively engaged 
in standing drawing throughout the 15-minute experimental 
period. At the end of the drawing period they were given 
the signal to start undressing and dressing which was con- 
tinued for 10 minutes. During this period they changed their 
clothes, getting into gymnasium clothes and back again into 
their regular school clothes, and changed their shoes and 
combed their hair. Most of the children carried out this rou- 
tine more than once during the 10-minute period allotted to 
dressing and undressing. 

Basal metabolism determinations were made on all sub- 
jects by means of the Benedict-Roth and the Sanborn-Benedict 
respiration apparatus, under generally accepted standard 
conditions. Two determinations were made on each child 
for as many mornings as were required to obtain the average 
of at least the 3 lowest figures checking within 5%. Usually 
2 mornings sufficed. Basal metabolism determinations and 
activity studies were made on each child within a 6-month 
period. A summary of the basal metabolism determinations 
is given in table 1. In each case the basal metabolism of the 
children included in the study agreed within the commonly 
accepted normal range of ± 15% with 2 or more of the 
standards currently used for the basal metabolism of children 
(Dreyer, ’20; Boothby, Berkson and Dunn, ’36; Talbot, ’38; 
Lewis, Duval and Iliff, ’43). 

RESULTS AND DISCUSSION 

The average results of the activity studies are summarized 
in table 2. Eleven cases were obtained on boys and 14 cases 
on girls for each of the activities, and the results expressed 
in terms of total Calories per hour per kilogram of body 
weight and per centimeter of height. 

Standing draining 

The average energy expenditure for standing drawing by 
the boys was found to be 3.19 ± 0.10 Cal. per kilogram of 
body weight per hour and 0.83 ± 0.03 Cal. per centimeter of 
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height per hour, and by the girls, 2.62 ± 0.05 Cal. per kilogram 
of body weight per hour and 0.63 ± 0.01 Cal. per centimeter 
of height per hour. That the boys spent more energy than 
the girls in performing the same activity is possibly accounted 
for by the fact that in general the boys in drawing tended to 

TABLE 2 


Average energy expenditure of children (1) standing drawing and (2) dressing and 
'undressing (including the basal metabolism ) 



STANDING DRAWING 

DRESSING AND UNDRESSING 


Boys 

Girls 

Boys 

Girls 

CO, produced/ 
child /hr. (gm) 

Mean d= P.E. 1 

No. of cases 

C.V. 2 (%) 

38.39 1.69 

11 

21 .7 

29.19 ± .64 
14 

12.1 

50.35 ± 1.97 

11 

19.3 

46.47 ± 1.35 
14 

16.1 

P.E. as per cent 
of mean 

4.4 

2.2 

3.9 

2.9 

Cal./Tcg/hr, 

Mean ± P.E. 

No. of cases 

C.V. (%) 

3.19 ± .10 

11 

15.8 

2.62 ± .05 
14 

9.6 

4.29 ± .36 

11 

18.9 

4.04 ± .13 

14 

18.1 

P.E. as per cent 
of mean 

3.1 

1.9 

3.7 

3.2 

Cal. /cm ht./hr. 

Mean ± P.E. 

No. of cases 

O.V. (%) 

0.83 ± .03 

31 

20.5 

0.63 ± .01 

14 

9.5 

1.09 ± .04 

11 

18.3 

1.00 ± .03 

14 

1 4.9 

P.E. as per cent 
of mean 

3.6 

3,6 

3.7 

3.0 


1 Probable error. 

2 Coefficient of variation. 


work with more flourish than the girls. Their sketches were 
carried out on a large scale and they usually covered all avail- 
able space provided for drawing, their pictures showing con- 
siderable initiative. On the contrary, the girls tended to con- 
fine their drawing to a much smaller space and there was a 
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stronger tendency simply to color the outline drawings pro- 
vided than to make original sketches of their own. When 
given the opportunity to draw under identical conditions this 
difference between the boys and girls was found whether they 
came from the home for children or the private school. The 
difference is seen in the higher coefficients of variation for 
the boys, 15.8 and 20.5, respectively, as compared with 9.6 
and 9.5 for the girls. 

Compared with the basal metabolism, there is an increase 
in energy expenditure per kilogram per hour for standing 
drawing of 125% for the boys and 76% for the girls. There 
was no significant difference in the energy expenditure for 
this activity between the subjects coming from the home for 
children and those coming from the private school. The energy 
expenditure for standing drawing may be taken as fairly 
typical of that for boys and girls doing problems or drawing- 
on the blackboard, or making murals, an activity quite common 
in progressive schools throughout the country. 

Dressing and undressing 

The average energy expenditure for dressing and undress- 
ing by the boys was found to be 4.29 ± 0.16 Cal. per kilogram 
of weight per hour and 1.09 ± 0.04 Cal. per centimeter of 
height per hour, and by the girls, 4.04 ± 0.13 Cal. per kilogram 
of weight per hour and 1.00 ± 0.03 Cal. per centimeter of 
height per hour. These figures indicate less difference be- 
tween boys and girls in the energy they expend for dressing 
and undressing than for standing drawing. The coefficients 
of variation are 18.9% per kilogram of weight and 18.3% 
per centimeter of height for the boys, and 18.1% per kilogram 
of weight and 14.9% per centimeter of height for the girls. 
That coefficients of variation are higher for both boys and girls 
when dressing and undressing than when standing drawing 
is to be expected since the motions involved in dressing and 
undressing are so much more variable. For example, some- 
times both boys and girls spent more time in combing their 
hair and the boys more in fixing their neckties than they did 
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at other times. The increase in energy expenditure per kilo- 
gram per hour for dressing and undressing over the basal 
energy expenditure amounts to 202% and 371% for boys and 
girls, respectively. 

SUMMARY 

1. The energy expenditure of 7 boys and 12 girls, 9 to 11 
years of age, selected from a home for children and from a 
private school, has been measured while they were standing 
drawing and while they were dressing and undressing in a 
respiration chamber. 

2. The average energy expenditure by the boys while 
standing drawing was found to be 3.19 ± 0.10 Cal. per kilo- 
gram of weight per hour with a coefficient of variation of 
15.8% and 0.83 ± 0.03 Cal. per centimeter of height per hour 
with a coefficient of variation of 20.5%. The average energy 
expenditure by the girls while standing drawing was found 
to be 2.62 ± 0.05 Cal. per kilogram of weight per hour with a 
coefficient of variation of 9.6% and 0.63 ± 0.01 Cal. per cen- 
timeter of height per hour with a coefficient of variation of 
9.5%. 

3. The average energy expenditure by the boys while 
dressing and undressing was found to be 4.29 ± 0.16 Cal. per 
kilogram of weight per hour with a coefficient of variation of 
18.9% and 1.09 ± 0.04 Cal. per centimeter of height per hour 
with a coefficient of variation of 18.3%. The average energy 
expenditure by the girls while dressing and undressing was 
found to be 4.04 ± 0.13 Cal. per kilogram of weight per hour 
with a coefficient of variation of 18.1% and 1.00 ± 0.03 Cal. 
per centimeter of height per hour with a coefficient of varia- 
tion of 14.9%. 
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Tlie practice of administering protein digests to infants 
suffering from diseases which cause excessive nitrogen loss 
seemed to us to make it imperative that the biological value 
of preparations derived from various proteins be assessed 
in the normal infant prior to their therapeutic application. 
Accordingly, in a previous publication, we (Albanese and 
associates, ’47) reported that the nutritional values of an 
enzymatic digest of casein 1 and lactalbnmin 2 were equal 
to that of a diluted evaporated milk formula and superior to 
a synthetic diet in which a tryptophane and cystine supple- 
mented acid digest of casein constituted the principal source 
of nitrogen. Tn this report the nutritive characteristics of a 
synthetic milk containing an enzymatic digest of beef muscle 
as the protein component are compared with those of the evap- 
orated milk formula. 


EXPERIMENTAL 

Diets arid procedures 

The composition and calorie distribution of the 2 formulae 
employed in this study are shown in table 1. These were 
given in 5 feedings daily at the rate of 100 cal. and 0.56 gm of 

1 Antigen. 
a Eclamin. 
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nitrogen per kilogram of body weight and were supplemented 
daily with 50 mg of ascorbic acid and 15 drops of oleum 
percomorplnun. Owing* to uncertainties regarding the B 
complex vitamins required by the infant, brewers’ yeast was 
used instead of a mixture of the synthetically available com- 
ponents of this vitamin complex. The amino acids derived 
from this source can be readily ascertained from the litera- 
ture (Carter and Phillips, ’44). The nitrogen content of each 
diet preparation was determined by the miero-Kjeldahl 

TABLE 1 

Composition and caloric distribution of diets 


Evaporated milk formula (EM diet) : 

Evaporated milk, 50 ml (70 eal.) ; corn sirup 10 ml (30 cal.) ; water 40 ml. 
Total volume 100 ml ; total calories 100. 


Meat protein digest formula (MH diet): 

Meat digest (Wilson’s, 1 0.56 X 6.25) 

Mead Johnson Lab. Prod. no. 217 

Eats 4.0 gm 

Carbohydrates 11.6 gm 

Mead Johnson Brewers’ Yeast 
Water 


3.5 gm 
18.0 gm 


1.0 gm 
8S.0 ml 


14.0 eal. 


36.0 cal. 
46.5 cal. 
3.5 cal. 


Total 100.0 ml 100.0 cal. 

Salt supplement mg per 100 ml: EeSO*, 10; NaCl, 100; On, gluconate, 790; 
I£H a P0 4 , 323; Ca(OH) 2 , 197; KJIPO*, 108; KOI, 90; MgO, 18. 


a We are indebted to Dr. O. E. Graham, of the Wilson Laboratories, for a 
supply of this preparation. 


method and the daily N intake of the subjects calculated from 
the consumption record. The diets were tested in 5 normal 
male infants (2.5-8 months of age) for 4 consecutive 7-day 
periods. Collection of the excreta was omitted on week-ends 
to avoid complications which might arise from constant use 
of restraints. Twenty-four hour urine specimens were collected 
by means of adapters in bottles containing 10 ml or 15% (by 
volume) HC1 and 1 ml of 10% alcoholic thymol. The feces were 
collected in 19 cm porcelain evaporating dishes held in place by 
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a fitted excavation in the mattress and subsequently accum- 
ulated under refrigeration for each diet period in jars con- 
taining 200 ml of 70% alcohol. The infants were weighed and 
submitted to complete clinical examinations daily during the 
course of the study. 

Data on the nitrogen retention were obtained by subtracting 
from the daily N intake the total N output as found by micro- 
Kjeldahl analyses of the daily 24-hour urine collections and 
period pools of the feces. 

The effect of the dietary changes on the blood proteins was 
ascertained by analyses of blood samples (5 ml) collected on 
the last day of each diet period. The hemoglobin content of 
these specimens was determined colorimetrically by the acid 
hematin method in the Klett-Summerson photoelectric colori- 
meter. The total plasma proteins, albumin/globulin ratios and 
non-protein N were measured by the techniques previously 
described by us. 


Results 

The nitrogen retention and body weight gains induced by the 
evaporated milk formula and meat hydrolysate preparation 
indicate that by these criteria the 2 diets are of equal nu- 
tritional quality (table 2). Moreover, the observed nitrogen 
retention values fall well within the range of those previously 
reported by ourselves and other workers using a variety of 
milk formulae (Albanese and associates, ’47). 

Attention is called to the observation that a shift in the N 
intake of subject A.H. from 0.7 to 0.6 gm per kilo on either diet 
had no appreciable effect on the nitrogen retention and 
weight gain. This suggests that effects of hyperalimentation 
reported by Nelson (’30) become apparent only at lower 
nitrogen intake levels than were imposed in this instance. 

The data on the total plasma protein levels given in table 2 
furnish further evidence of the comparable biological value 
of the diets. No significant changes in the albumin-globulin 
ratios and hemoglobin concentration of the blood were ob- 
served. 
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The amounts of the essential and some non-essential amino 
acids provided per kilo of body weight by the meat hydroly- 
sate diet were computed from our analyses of the meat digest 
and the available amino acid data on the brewers’ yeast (Car- 
ter and Phillips, ’44). These results and corresponding figures 

TABLE 2 

Biological value of evaporated milk and meat hydrolysate formulae 
in the. normal infant 


SUB.TECT 

DIET 

TOTAL N 
INPUT 

D VI l.Y BODY 
WEIGHT 
CHANGE 

NITROGEN 

RETENTION 

TOTAL 

PLASMA 

PROTEINS 



gm 

gm 

mg /kg 

gm </o 

J.A., 

EM 

2.58 

+ 14 

122 

6.18 

2.5 months, 

MI-1 

2.36 

+ 21 

139 

6.06 

4,218 gm 

MH 

2.36 

+ 20 

316 

5.75 


EM 

2.53 

+ 21 

377 

6.15 

B.M., 

EM 

3.03 

+ 21 

338 

5.29 

4.0 months, 

MH 

2.73 

+ 28 

3 07 

5.30 

4,871 gm 

MH 

2.73 

+ 25 

102 

5.12 


EM 

2.84 

+ 24 

3 015 

5.36 

A.H., 

EM 

5.22 

+ 14 

194 

6.41 

7 months, 

MH 

4.22 

+ 26 

187 

6,60 

7, 154 gm 

MH 

5.22 

+ 21 

205 

6.50 


EM 

4.66 

+ 25 

185 

6.35 

D.C., 

EM 

3.86 

+ 28 

150 

6.06 

8 months, 

MH 

3.83 

+ 14 

155 

6.55 

5,309 gm 

MH 

3.86 

+ 25 

340 

5.68 


EM 

4.10 

+ 18 

340 

6.04 

W.G., 

EM 

4.02 

+ 14 

361 

5.82 

8 months, 

MH 

4.21 

+ 20 

156 

5.30 

6,683 gm 

MH 

4.02 

+ 21 

157 

5.62 


EM 

3.97 

+ 17 

344 

6.25 


for the evaporated milk diet which were derived from William- 
son’s ( ’44) analyses of cow’s milk are given in table 3. Exami- 
nation of the values listed under the column heading (b)-(a) 
reveals that the meat hydrolysate diet furnishes more of all 
the essential amino acids except phenylalanine, isoleucine and 
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leucine. The low isoleucine content of the meat hydrolysate 
diet would not seem to constitute a limiting factor since the 
102 mg of isoleucine provided by ‘this diet is well above the 
90 mg' of isoleucine per kilo of body weight found by Albanese 
and coworkers ( ’48) to be required by the infant. Inasmuch 
as the 2 diets were found to be of equal biological value, it 
can be inferred that the phenylalanine and leucine deficits of 
the meat hydrolysate diet are negligible or are compensated 

TABLE 3 

Amino acid intake of infants on the evaporated milk and meat hydrolysate diets 
(all values are given in mg per kilo of body weight) 


EVAPORATED MEAT HYDROLYSATE FORMULA 


AM [MO ACID 

(a) 

Meat. 

hydrolysate 

Brewers’ 

yeast 

Total 

(b) 

(b)-(a) 


mg 

mg 

mg 

mg 

mg 

A rginine 

127 

185 

21 

206 

4 • 79 

Cystine 

' 27. 

40 

7 

47 

+ 20 

Histidine 

63 

115 

19 

134 

-f 71 

Tsolencine 

167 

86 

16 

102 

— 65 

Leucine 

490 

360 

65 

425 

— 65 

Lysine 

200 

288 

32 

320 

+ 120 

Methionine 

99 

104 

13 

117 

+ 18 

Phenylalanine 

177 

149 

20 

169 

— 8 

Threonine 

351 

209 

25 

234 

+ 183 

Tryptophane 

47 

87 

6 

93 

+ 46 

Tyrosine 

172 

91 

21 

112 

— 60 

Yalino 

171 

205 

22 

227 

+ 56 


in part by the excess of the other essential amino acids. A 
comparison of the data secured in this study with those pre- 
viously reported (Albanese and associates, ’47) for the en- 
zymatic digests of casein and lactalbumin suggests that the 
biological value of the hydrolysate employed in this investi- 
gation is equal to that of the milk protein preparations. 

SUMMARY 

It has been found that the nitrogen retention and weight 
gain of infants maintained on a synthetic milk, in which an 
enzymatic digest of beef muscle constituted the principal 
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source of nitrogen, were equal to those obtained on an evap- 
orated milk formula fed at the same fluid, caloric distribution 
and nitrogen levels. 
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In the course of an investigation of the metabolic deter- 
minants of convulsive seizures in pyridoxine-deficient rats 
it was observed that pair-fed control rats receiving a qualita- 
tively adequate but quantitatively inadequate diet had lower 
electroshock thresholds than comparable animals allowed to 
eat at will. Further investigation showed that the suscepti- 
bility of rats to electrically induced convulsions could be 
increased by restricting the caloric intake and rapidly de- 
creased by refeeding. This result was not anticipated, for 
Geyelin (’21) claimed that fasting reduces the incidence of 
seizures in epileptic patients. The benefit of fasting has been 
attributed to the attendant metabolic acidosis, and Wilder 
(’21), Peterman (’24) and. others have asserted that a keto- 
genic diet which produces metabolic acidosis reduces the 
incidence of seizures in epileptic children. (See Lennox and 
Cobb [ ’28] for a thorough review of the older clinical litera- 
ture.) Because our preliminary laboratory observations did 
not seem to agree with clinical experience, the relation between 
starvation, metabolic acidosis and brain excitability in rats 
was reexamined with the results described below. 

1 This work was supported by the United States Public Health Service Research 
Grant 155-c for the Study of the Physiology and Therapy of Convulsive Disorders. 
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METHODS 

Male rats of the Sprague-Dawley strain were used. Pre- 
cautions were taken to insure an uninterrupted supply of 
water and relative constancy of room temperature, factors 
which in our experience have an important effect upon the 
electroshock threshold. Two stock diets were used. Diet A 
consisted of a commercial dog food 2 plus 15 gm of green 
vegetables per rat 3 times a week. Diet B consisted of a com- 
mercial calf meal 3 with 3% brewers’ yeast and 3% wheat 
germ added. 

The electroshock thresholds were determined with a spe- 
cially constructed constant-current apparatus utilizing Spiegel 
corneal electrodes. The duration of current was 0.2 seconds, 
and the intensity was increased by increments of 1.0 milli- 
ampere or less at intervals of 1 hour until a minimal clonic 
seizure occurred. Under our experimental conditions, the 
mean threshold of any group of normal rats was almost per- 
fectly constant from day to day or over a period of several 
days. 

In examining maximal seizure patterns, the same apparatus 
was used and the same duration of exposure, but the intensity 
of the current was 150 milliamperes. 

Blood was obtained for acid-base studies by heart puncture 
in unanesthetized rats. Blood was drawn into a 2 ml syringe 
containing a drop of 1% heparin solution, and it was handled 
anaerobically by the method of Davenport ( ’47a). The plasma 
pH was measured with a glass electrode, and the total carbon 
dioxide content of the plasma was determined by the method 
of Van Slyke and Neill (’24). The bicarbonate concentration 
of the plasma in millimoles per liter was calculated using pK 
of 6.10 and carbon dioxide solubility coefficient of 0.0301. 

Respiratory acidosis or alkalosis may be present at the 
time the blood samples are taken, because asphyxia may be 
induced by holding the rats for heart puncture, or hyper- 

3 Purina Dog Chow. 

‘ ’Known as “Calf Builder’ ’ and prepared by General Mills, Inc., Minneapolis, 
Minn. 
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ventilation may accompany their struggles. Nevertheless, the 
presence and extent of metabolic acidosis can be estimated 
by a valid graphical method. Blood samples from 10 normal 
rats having no respiratory acidosis or alkalosis were found 
to have an average pH of 7.41 and a plasma bicarbonate 
concentration of 24.3 mM/1. This was plotted as the normal- 
point on a pH-bicarbonate diagram in which ordinates were 
plasma bicarbonate concentrations in mM/1 and abscissae 
were pH units. The normal buffer curve of rat blood was 
found by determining the carbon dioxide absorption curve of 
rat blood, and when plotted on the pH-bicarbonate diagram 
it was found to be a straight line having a slope of —24.7 
mM/l/pH unit. A line having such a slope was drawn through 
the normal point. 

When the plasma bicarbonate and pH of any blood sample 
are plotted as a point on the diagram the vertical distance 
between the point and the buffer line is a measure of the 
extra fixed acid present in the blood in mM/1. The pH of the 
blood, if no respiratory acidosis or alkalosis is present can 
be estimated by drawing a line through the point parallel to 
the normal buffer line and reading the pH at which this line 
crosses the isobar representing a pC0 2 of 40 mm Hg. A 
complete description of the theoretical basis of this graphical 
method has been given by Davenport ( ’47b). 

RESULTS 

Starvation and electroshock threshold 

Ten young rats having an average body weight of 124 gm 
were placed on diet A and allowed to eat at will. Their food 
consumption, which averaged about 15 gm per rat, was 
measured daily, and their body weights and electroshock 
thresholds were determined at intervals of several days. The 
mean body weights and electroshock thresholds over a period 
of 121 days were recorded as the solid lines in figure 1. 

A second group of 10 young rats having an average body 
weight of 127 gm was placed on diet A, and in the first 85 
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days the rats were given 4 to 6 gm of food each per day, the 
amount given being chosen in order to keep their body weights 
constant. After the 85th day they were allowed to eat at 
will. Their mean body weights and electroshock thresholds 



TIME IN DAYS 

Pig. 1 Upper curves: average body weight of rats fed unrestricted (sqlid 
lines) and restricted (broken lines) amounts of diet A. Lower curves: average 
electroshock thresholds in milliamperes of the same rats. 


over a period of 121 days are recorded as the broken lines in 
figure 1. 

The electroshock thresholds of the rats on unrestricted 
food intake increased pari passu with the body weights. The 
body weights of the rats on restricted food intake remained 
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constant. Their electroshock thresholds fell during the first 
23 days and thereafter remained significantly below the orig- 
inal thresholds. After the animals were allowed to eat at will 
their body weights began to increase slowly, but within 24 
hours their electroshock thresholds rose abruptly to the level 
of the first group and remained high throughout the rest of 
the experiment. 

The experiment was repeated twice with groups of rats of 
higher and lower initial weights, and the same results were 
obtained. 

It is possible to raise or lower the electroshock threshold 
by varying the nutritional state of the rat as shown in figure 2. 
Ten rats whose average daily consumption of diet B was 
15.5 gm each were given 5 or 6 gm per rat for 36 days. On 
the 37th and 38th days they were allowed to eat at will. Their 
food intake was again restricted until the 52nd and 53rd 
days when they were once more allowed to eat at will. During 
the initial period of food restriction the average electroshock 
threshold fell from 20.0 mA to 16.5 mA. Within 48 hours of 
the beginning of each period of unrestricted food intake the 
electroshock thresholds rose abruptly to the initial level and 
then fell slowly during 1 the subsequent period of restriction. 

Starvation and seizure 'pattern 

The pattern of maximal seizures as well as the electroshock 
threshold is changed by starvation. Toman, Swinyard and 
Goodman (’46) have shown that the normal seizure pattern in 
rats is typical, consisting of a latent period, a period of tonic 
flexion, a period of tonic extension, a clonic phase which is 
frequently absent, and a period of post-seizure depression. 
The time from the application of the shock to the beginning 
of the extensor phase is 2.8 seconds and the time from the 
application of the shock to the end of the extensor phase is 
14 seconds. 

Bats having reduced electroshock thresholds as the result 
of starvation show the same sequence in maximal seizures as 



144 


V. D. DAVENPORT AND H. W. DAVENPORT 


do normal rats, but the time relationships are altered. The 
latent period is so short as to be almost undiscernible ; the 
time to the beginning of the extensor phase is about 1.5 
seconds; and the time to the end of the extensor phase is 



Fig. 2 Bottom bars: average amount of food eaten in grams per rat per day. 
Middle eurve: average electroshock threshold in milliamperes. Upiier curve; 
average body weight in grams. 


lengthened to as much as 30 or 35 seconds. Unlike the electro- 
shock threshold, the seizure pattern does not return entirely 
to normal within 48 hours after the animals are allowed 
access to unrestricted amount of food. A week or more of 
refeeding is required before the time relationships become 
normal. 
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Effect of dietary supplements 

In order to determine which dietary component raises the 
electroshock threshold, control rats and rats on a restricted 
diet were allowed to eat the supplements listed in table 1. 
The control rats were given diet B in unrestricted amounts, 
and rats in another group were each given 5 gm daily of the 
same diet for 6 to 7 weeks before the supplements were fed. 
Both groups were provided with the supplements, with the 
exception of the vitamin mixture and the ammonium chloride, 
in unrestricted amounts for 2 days, and the amounts con- 
sumed were recorded. The electroshock thresholds were de- 
termined immediately before and 2 days after the beginning 
of the supplement. 

The vitamin mixture was brought into aqueous solution by 
neutralization with sodium bicarbonate, and was given to the 
animals in 2 daily subcutaneous injections for 2 days. Each 
rat received the following amounts in milligrams daily: thia- 
mine, pyridoxine, riboflavin and nicotinamide 1.0 each; cal- 
cium pantothenate 5.0; inositol 10.0; p-aminobenzoic acid 20.0; 
choline hydrochloride 20.0 and 2-methyl-naphthoquinone 0.1. 
The agar supplement was moistened purified bacteriological 
agar. The carbohydrate was commercial cornstarch, which 


TABLE 1 

Effect of dietary supplements on electroshoch threshold. 


SUPPLEMENT 


UNRESTRICTED 




RESTRICTED 


No, 

of 

rata 

Amount eaten 

Electroshock threshold 

Initial Pinal x 

mA mA p 

No, 

Of 

rats 

Amount 

eaten 

Electroshock threshold 

Initial Pinal _ i 

mA mA p 



gm 





gm 




Vitamins 

5 


21.8 

22.0 

0.4 

10 


17.1 

17.2 

0.6 

Agar 

20 

5.2 

23.9 

23.8 

0.7 

20 

9.2 

17.2 

17.3 

0.9 

Carbohydrate 

10 

35.8 

23.3 

23.5 

0.5 

10 

31.0 

17.1 

20.5 

0.01 

Protein 

10 

15.8 

23.0 

23.0 

0.9 

19 

19.0 

16.8 

19.7 

0.01 

Fat 

20 

15.8 

22.9 

21.0 

0.01 

21 

19.2 

17.9 

19.2 

0.01 

Fat -f 1% choline 

10 

16.2 

24.2 

22.4 

0.01 

10 

17.7 

16.7 

18.9 

0.01 

NH 4 C1 

12 0.5 mM/100 gm 19.0 

19.0 

0.9 






nh 4 ci 

18 2.0 inM/lOO gm 19.8 

22.5 

0.01 







Wisher, 5 36. 
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The means by which these diverse substances raise the thres- 
hold is at present unknown. It is possible that a simple 
reduction of the calories available disturbs brain excitability 
and that restoration of a normal supply of calories allows a 
return to the normal state ; but it is equally possible that the 
changes are caused by a much more devious mechanism. 
Further analysis of the phenomenon may reveal much about 
the relation between the brain’s metabolism and its function. 

The reduction of electroshock threshold in normal rats fed 
large amounts of fat cannot be explained without further 
investigation. These animals lost weight during the period 
of fat feeding, and their feces contained large quantities of 
fat. It is possible that the 2-day period of fat feeding actually 
reduced their caloric intake temporarily, but it is unlikely that 
so brief an interval of reduced intake would affect the electro- 
shock thresholds. 

Patton and his collaborators (’41) have shown that rats 
maintained on a diet which is qualitatively adequate but quan- 
titatively inadequate have an increased incidence of audio- 
genic seizures. The fact that the susceptibility of rats to elec- 
trically induced seizures is similarly influenced by chronic 
undernutrition suggests that the 2 types of seizure may have 
a common basis. On the other hand, the same investigators 
(Patton et al., ’42) found that the incidence of audiogenic 
seizures resulting from chronic underfeeding in rats could be 
reduced by the administration of a mixture of vitamins and 
minerals. This does not agree with our observation that 
massive doses of the vitamins of the B-complex have no effect 
on the electroshock threshold. One explanation for the dis- 
crepancy lies in the fact that our animals were treated with 
the supplement for only 2 days, whereas no effect was noticed 
on the incidence of audiogenic seizures until after 5 days ex- 
cept in rats which had previously received inadequate amounts 
of thiamine. More probably, our diet B contained such large 
portions of the vitamins of the B-complex that the animals 
were already receiving optimal amounts. 
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The extreme metabolic acidosis produced by the adminis- 
tration of 2.0 mM/100 gm ammonium chloride causes a signi- 
ficant rise in threshold, but it is unlikely that the less severe 
metabolic acidosis observed in the other instances is respon- 
sible for any change in excitability. Metabolic acidosis was 
present in the starved animals having lowered thresholds, but 
a similar degree of metabolic acidosis was also present in the 
starved animals when the threshold was raised by fat feeding, 
and in the normal animals when it was lowered by the same 
diet. Finally, ammonium chloride in a dose sufficient to pro- 
duce a comparable metabolic acidosis is without effect on the 
threshold. It can be concluded that mild metabolic acidosis 
does not in itself change the threshold. 

The results presented in this paper have 3 important prac- 
tical bearings. The first is that the design and interpretation 
of experiments on convulsive phenomena must always take 
into account the nutritional state of the animals used. Any 
experimental procedure such as vitamin deprivation or ex- 
tensive surgical intervention, if it reduces the food intake, 
may increase excitability. The second is that mild metabolic 
acidosis does not affect excitability; in experimental pro- 
cedures in which a mild metabolic acidosis is incidentally 
produced, its effect can probably be disregarded. The third 
is that the evidence obtained on experimental animals does not 
agree with the clinical finding that starvation or a ketogenic 
diet reduces the incidence of seizures in epileptic patients. 
Not only is the electroshock threshold lowered by starvation, 
but the change in maximal seizure pattern is the direct oppo- 
site of that produced by clinically recognized antiepileptie 
drugs (Toman, Swinyard and Goodman, ’46). In addition, 
our observations that the excitability may rise or fall in the 
face of similar degrees of ketosis show that ketosis itself is 
probably not responsible for the changes. In view of the 
unavoidable uncertainty of many clinical observations, the 
means by which starvation or ketogenic diets influence the 
course of epilepsy should be reexamined. 
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SUMMARY 

1. The electroshock threshold of rats increases as their 
body weight increases. 

2. If the caloric intake is restricted, the electroshock thres- 
hold falls significantly, and it rises abruptly to normal when 
the restriction is removed. 

3. Supplemental administration of vitamins of the B com- 
plex or of agar to rats having low thresholds as a result of 
restricted caloric intake has no effect upon the electroshock 
thresholds. 

4. Supplemental administration of carbohydrate, fat or 
protein to rats having low electroshock thresholds as the result 
of calorie restriction raises the threshold. 

5. Supplemental administration of fat to normal rats 
lowers the electroshock threshold. 

6. The electroshock threshold may either rise or fall when 
mild metabolic acidosis is produced by starvation or fat 
feeding. 

7. Mild metabolic acidosis produced by ammonium chloride 
has no effect upon the electroshock threshold, but extreme 
metabolic acidosis raises the threshold. 
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Because of conflicting data in the literature regarding the 
efficiency of utilization of proteins by different animal species, 
a cooperative endeavor by several different laboratories to 
resolve these discrepancies was proposed by the Bureau of 
Biological Research of Rutgers University. This laboratory 
was invited to assay the chosen proteins for their biological 
values by the maintenance method on human subjects. 

The following proteins, all in the form of dry, granular 
or flour-like powders, were received directly from the com- 
mittee, of which Dr. William H. Cole is chairman 2 : casein, 
egg albumen, whole egg, wheat gluten and peanut. The beef 
powder was received direct from Wilson and Company. All 
of the information available concerning the source and proc- 
essing of the proteins was supplied by the committee. 3 

1 This work was supported by a generous grant from the Williams and Water- 
man Fund of the Research Corporation of New York. 

8 The authors are greatly indebted to Dr. Cole and his committee for their 
patient and conscientious cooperation. 

“This information will be found in the addendum. 
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EXPERIMENTAL 

The diet squad 

It is much more difficult to select a homogeneous group of 
human subjects, than of rats or even dogs. There was only 
1 period of the year, namely, from June 1st to September, 
when the laboratory facilities, necessary for a nutritional in- 
vestigation of this sort, could be freed entirely from their 
use in whole or in part by medical students. The selection 
of subjects therefore had to be made just when medical 
students were leaving. At other times we might have been 
able to select a group composed entirely of men or of women. 
Fortunately there was a sufficient number of men and women 
graduate and medical students remaining through the sum- 
mer as assistants in this and other departments so that it was 
possible to assemble a squad of 11 composed of 5 women and 
6 men. One man was excused on the 16tli day and this left 
an equal number of each sex for the 4 determinative periods 
beginning June 21st, 1947. Preceding this date the subjects 
had been subsisting for 15 days on the 3 to 5% (of calories) 
egg diet which has been used so much in this laboratory both 
as a reference standard (Sumner, Pierce and Murlin, ’38; 
Murlin, Nasset and Marsh, ’38; Murlin, Marshall and Tvo- 
chakian, ’41) and as a recovery and stabilizing diet (Murlin, 
Edwards, Hawley and Clark, ’46). This period of time was 
usefully employed in training the subjects to comply rigidly 
with a code of rules which each person signed, indicating his 
understanding and acceptance of them. On the whole they 
lived up to the rules. It is human to forget, and small lapses 
were excusable, if they were not serious, because we always 
had a sufficient number of days of collection so that omitting 
now and then a day from the data could not materially affect 
averages. 

In confirmation of the impressions of the senior author as 
to the soundness of their health, all the original participants 
were given a physical examination by Dr. Lyman C. Boynton, 
part-time instructor in medicine and formerly a member of the 
department staff. All of them qualified. 
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Six of the original 11 served as subjects for the entire series 
of 15 experimental periods comprising a total of 85 days. 
Besides the first person excused on the 16th day, 4 others were 
excused on the 42nd, 47th, 51st and 61st days, respectively, 
because of persistent nausea or emesis, or both, for some days 
previously. Some of them, 1 young woman in particular, per- 
sisted in taking the diets longer than was good for them. 
None of these 4 suffered any serious harm, 4 however, and 
symptoms quickly disappeared when they returned to more 
normal diets. The very low protein diet which is called “no- 
protein” in this laboratory was the most difficult to endure; 
but the raw casein diet, because of its harsh, sandy roughness 
and utter lack of flavor, was almost equally so. 

The characteristics of the diet squad members, which are 
of interest in this connection, are given in table 1. 

After the 16th day, there were 5 men and 5 women until the 
42nd day, i.e., through period VII, then 4 women and 5 men 
through period VIII, 4 of each sex through period IX, 4 women 
and 3 men through period XI, and thereafter 4 women and 5 
men (see tables 3 and 4). 

All members fell within the age limits of 21 to 30 years, in- 
clusive. The weights given are the means of 2 weights ob- 
tained on the 2 days when each person’s basal metabolism was 
determined — a period extending from August 8 to 28. The 
surface areas calculated from the formula of DuBois and 
DuBois are based on these mean weights and the original net 
heights. Likewise the caloric intakes are taken from the 
records of consumption at these times. With 1 exception 
(no. 11) there was no change in caloric intake during the last 
4 periods. Adjustments of 50 to 100 cal. (rarely more; and 
always affecting the carbohydrate components only) were 
made from time to time as necessary to keep the subjects as 
nearly as possible at constant weight. The severely hot, 
humid weather prevailing in Rochester during a good share 

4 Their hemoglobin values, very kindly determined by Dr. E. E. Garber, were 
found to be within the normal range. 
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of the summer made it difficult to arrive at the exact require- 
ments early or to maintain them evenly. 

The last column in table 1 reflects also, to a considerable 
degree, the effect of warm unstimulating weather. The aver- 
age of 32.5 cal. per square meter per hour for the women 
represents a deficit of 9.7% from the average for women 
between 20 and 30 years given by Boothby, Dunn and Berkson 
(’36), and the average of 35.9 a deficit of exactly 10% from 
the same standard for men within the same ages. 

TABLE 1 
The diet squad 


basal 


NO. 

SUBJECT 

AGE 

SEX 

HEIGHT 

NET 

WT. 

SURFACE 

AREA 

CALORIE 

INTAKE 

MKT. 

OAL/M 2 / 

HR. 





cm 

kg 

m~ 

Per day 


1 

D.C. 1 

28 

E 

171 

79.4 

1.91 

2600 

29.4 

2 

E.R. 1 

21 

M 

175 

72.0 

1.86 

3300 

33.5 

3 

H.M. 

27 

M 

163 

54.5 

1.57 

2800 

36.8 

4 

L.R. 

30 

M 

185 

70.3 

1.94 

3150 

35.3 

5 

J.W. 1 

22 

F 

166 

60.1 

1.67 

2200 

33.2 

7 2 

J.M. 1 

24 

F 

163 

55.2 

1.58 

2650 

31.1 

8 

A.F. 

26 

F 

172 

74.0 

1.86 

3000 

35.4 

9 

W.K. 1 

22 

M 

181 

79.1 

1.99 

3500 

36.0 

10 

M.S. 

26 

F 

156 

54.5 

1.53 

2750 

36.9 

11 

J.R. 1 

24 

M 

184 

80.1 

2.03 

3550 

34.7 

12 

M.E. 3 

27 

M 

176 

73.0 

1.88 

3400 

36.7 

13 

F.H. 8 

28 

M 

176 

74.1 

1.90 

3400 

38.1 

14 

H.G. 8 

22 

F 

157 

44.9 

1.42 

2000 

29.3 


Average for 6 women 32.5 
Average for 7 men 35.9 


1 These members served throughout the whole series. 

2 No. 6 dropped out earliest. The original number assigned each one was main- 
tained in the interest of identification. 

3 These members were recruited in period X (see table 3). 


The basal diet 

The basal diet is illustrated in table 2 by that consumed 
by subject D.C. for period IX. The distribution of calories, 
(2.8% from protein, 62.2% from carbohydrate and 35% 
from fat) is fairly typical of the diets consumed by all sub- 
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jects when the protein constituent was of high biological value. 
(Observe the range of average test protein nitrogens ingested 
from wheat gluten to whole egg powder in figures 1 and 2.) 

Butter was of the best creamery product 5 obtainable in 
Rochester. The pure fat was separated by melting and filter- 
ing in a hot funnel to remove traces of casein. The syrup 

TABLE 2 

The daily "basal diet with egg albumen as the test protein (subject D.C., period IX) 


FOOD ITEM AMOUNT NITROGEN 


Butter (gm) 

Syrup (gm) 

Biscuit Mix with arrowroot starch (gm) 
Lettuce, iceberg heart leaves (gm) 
Carrot (gm) 

Pickle (number) 

French dressing (tablespoonful) 
Orangeade, artificial (gm) 

Applesauce (gm) 

All vitamins (see text) 

Coffee (number of cups) 

Coca eola (bottles) 


gm 

27 0.005 

75 0.019 

194 0.028 

50 0.059 

25 0.019 

1 0.007 

2 0.004 

151 0.010 

100 0.034 

0.014 

1 0.047 

2 0.027 

Total N cT.273~ 

Less caffein 1ST 0.074 

0.199 


Egg albumen powder (21.7 gm) 2,66 

Total available food N 2.86 

Total calories: 2600. 

Distribution of calories: protein 2.8%, carbohydrate 62.2%, fat 35%. 


consisted of white corn syrup 6 to which some cane sugar and 
maple flavoring were added. It alternated with marmalade 
and pure fruit jellies as sources of flavor, and for spreads 
on the biscuits or “griddle cakes” made from the same mix. 
Arrowroot starch was chosen as the main component because 
of its very low 1 nitrogen content The actual composition of 

6 ‘ 1 Land-0 ’-Lakes ’ ’ brand. 

6 “Karo” brand. 
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the mix varied but little from the following formula : Arrow- 
root biscuits — each biscuit (or pancake or cookie depending 
upon amount of H s O added), 18 gm; arrowroot starch, 8 gm; 
sugar, 8 gm ; hydrogenated cottonseed oil 7 , 1J gm ; baking 
powder, i gm; salt mix. The lettuce, grated carrot, with 
3 seedless raisins, added for aesthetic effect, and a single 
sweet-sour pickle were served as a salad with the French 
dressing, composed of the purest cider vinegar and corn oil. 8 

The artificial orangeade was a mixture of white corn syrup, 
cane sugar, tartaric and citric acids in small amounts, orange 
extract flavoring and orange vegetable coloring. The apple 
sauce 9 had a carbohydrate content of 18%. There was some 
variation in the nitrogen content, denoting perhaps different 
mixtures of apples in different lots of 10-pound cans received. 

Two different mixtures of B-complex vitamins designated 
a and b were used — one designed to supplement the vitamins 
contained in the natural food items, and the other designed 
not only to supplement, but also to stimulate and sustain 
appetite as the long series of periods wore on toward the end. 
These two expressed in milligrams per man per day are shown 
below. 



a 

b 

Riboflavin 

0.0 mg 

3.47 mg 

Niacin 

15.0 mg 

20.5 mg 

Para-aminobenzoic acid 

6.3 mg 

8.8 mg 

Ca pantothenate 

3.7 mg 

6.4 mg 

Pyridoxine • HOI 

3.1 mg 

4.0 mg 

Thiamine * HOI 

1.5 mg 

2.2 mg 

Inositol 

100.0 mg 

120.0 mg 


All these constituents were dissolved in hot water in such 
quantity as to give the allotted proportions of the mixture a 
in 1 ml of solution when added to the artificial orangeade once 
a day. Riboflavin and choline were dissolved in 40% alcohol 
and dispensed in sufficient concentration to provide each sub- 
ject 2.25 mg of the former and 15 mg of the latter in 1 ml 

7 Crisco. 

8 “Mazda” brand. 

9 “Blue Boy” brand made by the Haxton Co. of Oakfield, N. Y. 
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of solution, likewise added once a day to the orangeade, but 
taken at a different meal than the mixture a. In the b mixture, 
riboflavin was included, the whole being dissolved in water, 
to which about one-tenth of the volume of 95% alcohol was 
added. The solution was brought to boiling temperature, then 
cooled and bottled. Choline was dissolved separately in water 
in sufficient quantity to provide 48 mg of the substance in 1 ml 
of solution for each person, and always dispensed at a different 
meal than the b mixture. 

One ascorbic acid tablet containing 100 mg and at first 1 
capsule containing 1000 units of vitamin D and 5000 units of 
vitamin A were dispensed to each subject daily. Later the 
same unitage for the AD capsule was supplied by cod liver oil 
tablets, 10 thus avoiding nitrogen from the gelatin capsule. 

The salt mixture employed in this study was, with very 
slight modifications, the same as that employed by Murlin, 
Edwards, Hawley and Clark (’46) and described on p. 535 of 
that communication. Coffee or tea was served at any meal 
desired, but was limited to 2 cups daily. It was prepared 
from soluble powder. 11 Tea bags were used in making tea, 
1 bag to 2 cups. On account of their low N content, certain 
carbonated beverages 12 were permitted up to 2 bottles daily. 
The nitrogen in all of these beverages, called for convenience 
“caffein nitrogen,” was determined frequently and always 
deducted from the nitrogen intake as having no food value. 
The corresponding amount for each subject was deducted 
from the urinary nitrogen, because it is usually excreted 
quantitatively. 

The total nitrogen of the basal diet, less the caffein nitrogen 
in the case illustrated, was just short of 0.2 gm daily, but 
the average for the 8 members in this period was 0.184 gm or 
5.7% of the total N. Averages for all the periods were: III, 
0.29 ; IV, 0.35 ; V, 0.28 ; VI, 0.33 ; VII, 0.26 ; VIII, 0.23 ; IX, 0.18 ; 

10 From the White Laboratories, Newark, N. J. 

11 “ Nescafe.” 

12 “ Coca Cola” and “Canada Dry” ginger ale. 
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X, 0.23; XI, 0.20; XII, 0.23; XIII, 0.23; XIV, 0.20; and XV, 
0.21. The percentages of total food nitrogen ranged from 9% 
in period IV to 4.0% in period XIV. 

Nitrogen determinations of all constituents of the basal diet 
as well as of the proteins fed were made in every period ; but 
the 3 items making up the salad were for the most part homog- 
enized together in the Waring blendor and determined as one 
to save time. Occasionally, the sum of the individual analyses 
was checked by taking aliquots of all items of a day’s dietary, 
homogenizing them together and making but 1 analysis. The 
agreement was invariably quite close. 

All analyses of food materials as well as of the urines and 
feces were made by the Macro-Kjeldahl method, employing 
sodium sulphate and copper sulphate in the proportion of 
9 : 1 as catalyst and saturated boric acid, to which brom cresol 
green and methyl red in the proportion of 1 : 10 were added, 
in the receiving bottle for distillation. 

Urines were collected in 24-hour periods for all days of the 
period but were analyzed, as a rule, on only the last 3 days. 
Feces were separated in periods by carmine or ferric oxide 
markers. Until the marker was obtained they were passed 
into white enameled pails ; thereafter, directly into the 1-gallon 
“candy” collecting jars containing a few hundred ml of 5% 
sulfuric acid to which 10% of copper sulfate had been added. 
Special commodes designed to hold the jar or pail as well as 
a urine bottle were used. 

Preparation of the food (“test” proteins) 

In addition to the above-mentioned food items and their 
method of handling which comprised the “non protein” frac- 
tion of the diet, even greater precautions were necessary in the 
handling of the test proteins. 

The fresh eggs were obtained from the same flock of birds 
fed on a constant diet. They were broken and approximately 
measured as to quantity (assuming 50 gm per egg) into the 
bowl of the electric mixer. They were then beaten at low speed 
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for 10 minutes, strained into a pitcher through a fine strainer 
and the desired amount poured with repeated stirrings di- 
rectly into weighed beakers, on a balance. They were cooked 
by 3 methods. In periods 1, 2 and 7 they were scrambled or 
made into omelet on the stove top. In period 12 they were 
served as baked custard. They were so cooked in this period 
as to be in exact conformity with the other test proteins — in 
pyrex dishes placed in a pan of water and baked for 40 
minutes at 350°F. In all periods where fresh egg was served 
6 gm of the prescribed amount was added to the biscuits. 

In general, the test protein was added to the biscuit mix 
and baked in pyrex dishes in the manner of the custard cook- 
ing. The biscuits were served to the subjects in the baking 
dish. Spatulas and rubber policemen, in addition to rinsing 
with water at the end, assured a quantitative transfer of 
protein. 

It was not feasible, however, to add all of the egg albumen 
to the mix because the biscuits became too brittle and hard. 
A portion of this protein, therefore, was baked after mixing 
with water and served as baked egg white custard. Since it 
was impossible to prepare palatable biscuits incorporating 
the beef powder, some of it was served in soup and the re- 
mainder as a meat patty by the addition of different amounts 
of water. The cooking was done in a pan of water in the usual 
manner. 

The raw casein obviously was not cooked. It was all mixed 
into a paste with water and eaten directly from the container 
with a spoon. 

Table 3 exhibits the order of feeding the several test pro- 
teins, and the position of the fresh whole-egg and no-protein 
periods immediately following. Preparing the subjects by a 
high-value protein, from which there is little waste, for the 
no-protein period has a standardizing value which has been 
discussed by Murlin, Edwards, Hawley and Clark (’46). 
The table also gives the number of days for each period, in- 
fluenced to some extent by the acceptability of the protein ; the 
average nitrogen balance for the last 2 or 3 days of each; and 
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tlie number of subjects contributing to the balance. Tlie reason 
for variation in tlie number of subjects lias already been dis- 
cussed. 

The first no-protein period, it will bo observed, ran for 7 
days. Preceding it were 15 days — 3 before collections were 
started — on whole fresh egg. This protein was fed for the 


TABLE 3 

Order of feeding periods 


NO. 

PROTEIN 

DAYS 

AVERAGE 

N BALANCE 

NUMBER 

OF 

SUBJECTS 




f/r>i 


I 

Fresh whole egg, begun June 6 

6 

— 0.28 

11 

II 

Fresh whole egg, begun June 12 

6 

1 _22 

31 

III 

No protein 

7 

— 2.40 

10 

IV 

1st casein powder 

4 

— 0.06 

10 

V 

2nd casein powder 





(slightly higher N) 

4 

+ 0.36 

10 

VI 

3rd raw casein 

4 

— 0.49 

8 

VII 

Fresh whole egg 

7 

+ 0.13 

10 

VIII 

No protein 

5 

— 2.68 

8 

IX 

Egg albumen powder 

5 

— 0.15 

8 

X 

1st whole egg powder 

5 

— 0.46 

7 + 3 

XI 

2nd whole egg powder (lower N) 

5 

— 0.61 

7 + 3 

XII 

Fresh whole egg 

6 

+ 1.04 

6 + 3 


(No protein for 3 new 





subjects) 

6 

— 2.58 


XTTT 

Wheat gluten 

r> 

— 0.56 

9 

XIV 

Peanut flour 

0 

— 0.14 

9 

XV 

Beef powder, ended Aug. 30 

6 

+ 0.33 

9 


1 Three new subjects joined the squad during this period Imt subsisted on f wish 
whole egg until the no-protein period for them (per. XII). 


first 9 days at a level of 5% of the total calories, and in period 
II at 3%. The protein reserve of the subject thus was brought 
down gradually to near the very low point of the no-protein 
period. The lowest urinary nitrogen of the last 2 days was 
accepted as that for the endogenous level of excretion. The 
average for the 10 subjects was 2.01 gm. The average for 8 
subjects in period VIII, which ran for only 5 days, was 1.97. 
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Including- the 3 subjects whose no-protein ingestion coincided 
with that for period XII, the average for 9 persons for the last 
3 periods was 1.86 gm ( see line h of table 4) . The relation of 
the individual endogenous urinary N to basal metabolism will 
be found in table 5. 


RESULTS 

The biological values 

The data for estimation of the absorbed and the retained 
nitrogen values, from which the B.V.’s are calculated, are 
shown for the several proteins side by side in the order of 
feeding (table 4). 

Three periods were devoted to the dry casein product. 
The method of preparation, as received from the coordinating 
committee, will be found in the addendum. It proved to be 
a very harsh, insipid powder and it required some ex- 
perimentation, before the study started, to arrive at a satis- 
factory method of preparation, as has been related. The 
second period differs from the first in providing an average of 
almost 1 additional gram of ingested nitrogen for the squad 
of 10. This is the only reason assignable for the 0.3 gm 
higher average fecal excretion in this period. Obviously it is 
proportionally higher as shown by the lower percentage di- 
gestibility. The first period produced a very small fecal 
waste from the protein as measured by the excess over the no- 
protein period. A difference between the 2 periods of 0.67 gm 
in the calculated absorbed nitrogen resulted in only 0.26 mg 
more nitrogen in the urine. The no-protein urinary nitrogens 
being the same in the 2 periods, the waste nitrogens differ 
by the same amount, and these subtracted from the absorbed 
give retained nitrogens representing percentages of the ab- 
sorbed (B.V.’s) that differ by only 1 unit. The raw casein was 
fed at a level midway between the 2 cooked casein periods. 
It proved not only less digestible but also less well utilized 
beyond the alimentary tract. The result was a biological value 



Biological values of 6 proteins 
(Grin. N — Average of all members of squad) 
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of only 56 as compared with 69 and 68 for the 2 previous 
periods. 

These results are shown graphically in figure 2 for the first 
cooked casein and the raw casein. Note the large amount 
of fecal and urinary waste nitrogens for the latter as indi- 
cated by the bracket and double arrow, respectively. Compare 
with egg albumen and whole egg on the same chart. 

There is little more that needs to be said in explanation 
of table 4 or figures 1 and 2. 

The first whole egg powder period (X) produced an average 
B.Y. for the 7 subjects of only 75. It has been observed in 
other studies in this laboratory that a value like this is 
obtained once in a while, and it is believed such values are 
correct for the time and circumstances. But until an explana- 
tion can be given for these exceptional values they will be 
omitted. The one shown in table 4 and figure 2 is near the 
average of the many determinations in this laboratory on 
whole fresh egg. (Note 2 higher values for the fresh egg in 
figure 1 of the paper by Murlin et al. [’48].) 

A question might be raised regarding the use of a nega- 
tive difference between no-protein and food fecal nitrogens 
(table 4, egg albumen and wheat gluten) indicating higher than 
100% digestibility and resulting in more absorbed than in- 
gested nitrogen. However, it is not surprising that these 2 
proteins should be more digestible than the small amount of 
protein contained in the no-protein diet, or that there should 
be less residual nitrogen from the intestinal secretions with 
highly digestible proteins. For these reasons, such differences 
have been used algebraically in this study, as shown. 

Endogenous nitrogen of the urine 

Since the work of Terroine and Sorg-Matter (’27) and of 
Smuts (’35), it has been maintained that mammalian species 
show a definite relationship between endogenous urine nitro- 
gen and basal metabolism (Bricker, Mitchell and Kinsman, 
’45; Bricker and Mitchell, ’47) such that 2.2 to 1.43 mg of 
the former correspond to 1 basal Calorie. In the 1946 study 



Biological Values 

ifaf+ 



Wheat Pea n at Beef 

Gluten Flour Powder 


Figure 1 



Casein Casein Whale 

Cooked Raw Albumen 


Powder Powder 

Figure 2 


In each group of 6 bars: 

1. The first pair of bars on the left refer to fecal nitrogen j the one marked 
“En^ refers to the no-protein period and the one marked “F^ refers to period 
in -which the test protein was fed. 

2. The center pair of bars represent the urinary excretion of nitrogen in 
protein and no-protein periods, resjiectively. The arrows represent waste nitrogen 
in excess of endogenous excretion. 

3. The next to the last bar represents the nitrogen ingested and absorbed (the 
latter by diagonal hatching). 

4. The last bar on the right rejiresents the retained nitrogen. The figure 
alongside is the computed biological value (B.V.). 
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of endogenous nitrogen (Murlin, Edwards, Hawley and Clark), 
this ratio was found to be lower in 5 male subjects. Confir- 
mation of this is seen in table 5, notwithstanding that the basal 
metabolisms of the 13 subjects averaged 10% below normal 
for their ages. 

It would not be profitable at this time to compare the results 
regarding biological values with those in the literature. A 

TABLE 5 

Relation of endogenous N of urine to basal metabolism 


SUBJECT 

SEX 

ENDOGENOUS 
URINARY N 

BASAL 

METABOLISM 

RATIO OF 

MG TO CAL. 



mg 124 hr. 

Cal./ 24 hr. 


1 

F 

1910 


1348 

1.42 

2 

M 

1960 


1497 

1.31 

3 

M 

1760 


1387 

1.27 

4 

M 

1990 


1646 

1.21 

5 

F 

1510 


1330 

1.13 

7 

F 

1310 


1180 

1.11 

8 

F 

1800 


1580 

1.14 

9 

M 

2450 


1718 

1.43 

10 

F 

1570 


1356 

1.11 

11 

M 

2610 


1690 

1.54 

12 

M 

2075 


1656 

1.25 

13 

M 

2170 


1740 

1.25 

14 

F 

1240 


998 

1.24 



Average 

of 

6 women 

lJ 9 



Average 

of 

7 men 

1.32 


comparison of all the new results with older ones should be 
made. So far as is known, this is the first of the several 
cooperative studies to be offered for publication. It will there- 
fore be an inviting target, not to say a vulnerable one. 

ADDENDUM 

Egg albumen. The liquid egg white, either fresh or rapidly de- 
frosted, is warmed to a specific temperature and inoculated with 
a culture to hasten fermentation. It is then allowed to ferment 
until all of the natural sugar is completely eliminated. After fer- 
mentation is complete, the liquid is chilled to stop fermentation. 
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It is held at reduced temperature until pumped to the dryer. The 
material is then converted to an aerated foam and dried continuously 
at an inlet air temperature not to exceed 150°F. (65.5°C.). The 
drying time is approximately 40 minutes. The product comes from 
the dryer in a very light fluffy form and is ground by merely rubbing 
it through a screen. This is, of course, done mechanically. The result 
is a product dried quickly at comparatively low temperatures, a 
product each particle of which has a very irregular surface which aids 
reconstitution with water. 

Beef-benzol extracted muscle. Utility beef was used. The meat 
was trimmed as much as possible from fat and gristle and then ground. 
It was next heated to 180°F. (82.2°C.), spread on trays and dried 
in vacuum from the frozen state. It was then defatted with benzol 
and again dried in vacuum at low temperature to remove all solvent. 
The product was powdered sufficiently for incorporation into diets. 

Whole egg. Frozen whole fresh eggs were used. They were desic- 
cated and defatted by ethylene dichloride at temperatures below 70° C. 
Ethylene dichloride was the only reagent that came into contact 
with the product and it has been shown by Mitchell and others, who 
have examined other products, that this solvent in no way denatures 
the protein. 

Peanut flour. Prepared by the McMath-Howard process, resulting 
in a partially defatted flour. The approximate analysis (in per cent) 
is protein 58.98, fat 9.69, N free extract 20.51, ash 3.84, crude fiber 
2.54, moisture 4.44, phosphorus 0.565, calcium 0.065, magnesium 0.365 
and iron 0.010. The vitamins (in /xg/gm) were thiamine 6, riboflavin 
3 and niacin 189. 

Wheat gum gluten. Wheat flour agene-treated, of about 12% pro- 
tein content, was selected. Cold water was added to form a dough 
in order to hydrate the gluten. More cold water was added to remove 
the starch leaving behind the gummy gluten. Five to 6 washings with 
water up to 90°F. were followed by 1 or 2 washings with water up 
to 170°F. ; the number of washings and the temperature depending 
upon the difficulty encountered in removing all the starch without 
losing the gummy properties of gluten. When the protein content was 
brought up to 80% on a dry basis, the material was dried on trays 
in a vacuum at 130°F. Each batch was specially handled in order to 
avoid denaturation of the protein (loss of gummy properties) as 
much as possible. Each batch varied from 4 to 5,000 pounds. It was 
not defatted. Actual temperature of gluten mass probably never ex- 
ceeded 140°F., even when washed with water at 170°F. 

Casein . The casein was prepared from a crude acid precipitated 
product. Purification consisted of repeated solution and reprecipita- 
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tion as well as thorough washing with dilute aqueous acid and salt 
solutions at temperatures of 40~55°C. No organic solvents were used. 
After drying in a stream of air at 60-70°C., the casein was ground 
in a hammer mill until 97% passed a 60-mesh sieve. 
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For several years past this laboratory has systematically 
used the creatinine nitrogen of the urine as a check on quanti- 
tative collections. Ever since Folin’s (’05) famous paper on 
his new methods for urine analysis it has been known to be 
the most constant constituent on a creatine and creatinine free 
diet. In the course of the study described in the previous 
paper (Hawley, et al., ’48) it had been observed that the 
creatinine nitrogen excretion expressed as milligrams daily 
was frequently very constant, not only for a single individual 
but also as an average of all squad members. Also that when 
expressed as percentage of the total nitrogen, there was a 
marked difference between high and low value proteins. This 
led to a study of the correlation between these 2 values not 
only from the most recent data available to us but also from 
earlier studies in this laboratory. 

There are good reasons for expecting a high correlation 
between any constant component as a percentage of total 
nitrogen and the amount retained. Creatinine is without doubt 
the most typical endogenous product. Since biological values 
are calculated by subtracting the endogenous urinary nitrogen 
from the total urinary nitrogen after feeding the test protein, 


m 
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the most genuinely endogenous constituent will, of necessity, 
vary in percentage of the total nitrogen inversely as this total 
nitrogen rises and falls with different kinds of food proteins. 
If the waste nitrogen of the food is high, this denotes a low 
retention and therefore low B.Y., and produces a low 
creatinine N percentage ; and vice versa. 

A list of 14 periods were found, 9 from the study described 
in the preceding paper and 5 from the data of squads 8 and 9 
of the paper by Murlin, Edwards, Hawley and Clark (’46, 
table 2) where the endogenous urinary nitrogens were un- 
impeachable and the biological values satisfactory. The cor- 
relation coefficient between the deviations from the mean 
values for biological value and for percentage of creatinine 
N in the urine was found to be 0.972. When the several means 
for the 2 variables obtained from the 14 periods for determina- 
tion of biological values were plotted, the distribution seen in 
figure 1 was obtained. The ideal regression lino was fitted to 
the data by the method of least squares or errors of estimate 
by the equation E = y + (X — x), according to Sncdecor 
(’37). E is the estimate of the ordinate (biological value) 
for any chosen value of the abscissa X (creatinine percent- 
age), x is the mean of the determined values, and y is the mean 
of the ordinates. Sxy is the sum of the products of the devia- 
tions from the means, and Sx 2 is the sum of the squares of 
the deviations from the mean creatinine percentage. 

The position of the conjunction of the 2 means, x and y, 
is at the central X. The value of E for 16.4% creatinine nitro- 
gen is found by the computation to be at the position on the 
line of the lower X, and the value of PI for 21% creatinine N 
is at the position of the upper X. The regression line drawn 
through these 3 points describes the average rate of change 
in E for a unit change in X. 

From the first 4 points located on the plotting, it was pos- 
sible to predict approximately the biological value of wheat 
gluten from the average creatinine nitrogen percentages. 
From the average of these percentages for the first day of 
analysis when peanut was the test protein, its biological value 
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was predicted quite accurately, as determined later when all 
analyses were at hand. It will, of course, require many more 
data before the relationship can be established with finality. 

The conditions which will produce still more constant 
creatinine excretions have yet to be worked out by much 
experimentation. The photoelectric colorimeter by which all 


B.V. 



Fig. 1 Wli.Gl. denotes wheat gluten, B.P. corr. y and B.P. uneorr., beef protein 
corrected and uncorrected for the excess creatinine nitrogen in the urine of the 
beef period over that of the peanut period which just preceded it. The 3 casein 
periods of the tests described in the current study are indicated. E.P., E.A. and 
Wh.Fr.E. (lower) indicate the coordinate points for whole egg powder, egg 
albumen powder and for whole fresh egg protein of periods XI, IX and VII. 
W.G., Fr.E., and W.G. & Fr.E., are points taken from the values found for 
wheat, germ, fresh whole egg, and wheat germ 50% and fresh whole egg 50% — 
all from the data of squad 9 of the 1946 study. Wli.Fr.E. (upper value B.V. 104) 
and B.S. arc for fresh whole egg and beef steak as found from squad 8 in the 
same study. B.P. uneorr. is not counted in the correlation. 


creatinine determinations have been made in this laboratory 
for many years, is so much more dependable than the old 
Dnboscq method that older values would scarcely be ac- 
ceptable. 

DuBos and Miller (’37) have shown by their specific en- 
zymatic determination that creatinine of normal and even of 
nephritic urines constitutes nearly 100% of the chromogenie 




174 


MUSLIN, SZYMANSKI AND N ASSET 


substance contained. Therefore, unless some kind of stable 
artificial coloring matter from the food should occur in the 
urine, the excretion through normal kidneys certainly would 
reflect the rate of endogenous metabolism from a diet con- 
taining no creatine or creatinine. 

If, as in the case of the beef powder (B.P. 6n the graph), 
the creatinine content of the food can be determined, a correc- 
tion can be applied. The powder was extracted with hot water 
until no chromogenic reaction was obtained by the alkaline 
picrate reagent. The result was an average of 149 mg for the 
average amount of the powder ingested. Apparently this 
was not quite all excreted for the difference between the 

TABLE X 

Average weatinine excretion of 6 subjects who were longest on the diets . 

All values are in milligrams of creatinine N daily 


SUBJECT 

NO. 

SEX 

AVERAGE oe 
FIRST 

10 DAYS 

AVERAGE OE 
NEXT 

20 BAYS 

AVERAGE OE 
TjAST 

15 DAYS 

VARIABILITY 

OVER ALL IN % 

1 

F 

505 

458 

451 

466 ± 27 ± 5.8 

2 

M 

553 

537 

533 

535 ± 26 ± 4.8 

• 5 

F 

396 

359 

342 

363 ± 21 ± 5.8 

7 

F 

390 

360 

347 

363 ± 17 ± 4.7 

9 

M 

642 

608 

605 

620 ± 20 Az 3.2 

11 

M 

659 

651 

616 

639 ± 32 ± 5.0 


creatinine of the beef period and of the peanut period was 
only 114 mg. Peanut gave no chromogenic reaction. Con- 
sequently, the correction exhibited in the graph was based on 
the average difference for all the 9 members of the squad. 

The variability in creatinine nitrogen, as shown by the 6 
members who served throughout the entire series of experi- 
ments, is shown in table 1. There was, with 1 exception, a 
rather large decrease from the first 10 days and the next 20 
days but (again the same exception) only a slight change to 
the last 15 days. 

The variability for the entire 45 days on which urinary 
analyses were made is only from 3.2% for subject 9 to 5.8% 
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for subjects 1 and 5. Such variations do not invalidate the 
correlation shown in the graph. 

It is of interest to note that the creatinine percentage of 
the total N on the no-protein diets used in this laboratory is 
25.3, the mean of 39 determinations. This value is placed at 
the 100% line in the graph, not to indicate a biological value, 
for that obviously is not possible for the very small nitrogen 
intake, but to call attention to the fact that some constituent 
of the diet, possibly carbohydrate, exercises a sparing action 
on creatinine. The regression line is dotted to the position 
which a B.V. corresponding to 25.3% would occupy. .Without 
doubt, the percentage would be higher in starvation. 

It would seem that the biological value of any mixed diet 
could be obtained approximately by feeding it at a level low 
enough to obtain a minus N balance, and determining the 
creatinine nitrogen percentage. This possibility is now under 
investigation. 
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Only a few scattered and unrelated conclusions have been 
made pertaining to the alterations in food utilization and 
water consumption during chronic starvation and recovery. 
Thompson and Mendel (18) have shown that in mice the 
weight gained during refeeding of undernourished and 
stunted animals was greater in proportion to the food eaten 
than that gained by the controls. Keys et al. (’46) found that 
in adult men the weight recovery was greatest on high caloric 
diets. It is stated by Morgulis (’23) that the gross gain in 
weight may exceed the quantity of food consumed due to the 
fact that during re-alimentation the organism retains much 
water. Benedict (’07) and Keys et al. (’46) also found that 
water is retained during starvation, and noted in this con- 
nection an increase in water intake and water excretion. 

The studies made in this experiment to ascertain the in- 
fluence of chronic starvation and recovery on food and water 
economy were approached in the following ways: (a) by de- 
termining the amount of food and water required each day 
to maintain a constant body weight during chronic starvation, 
(b) by observing the course of recovery of body weight both 
as to the amount of food and water consumed and the time 
required, and (c) by determining the degree of absorption of 
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food materials in chronically starved rats as compared to that 
in normal rats. 

METHODS 

The investigations made in this work were arranged in 2 
separate experiments. In both experiments vonng male albino 
rats, 30 days of age and about 50 gm in weight, were em- 
ployed in groups of 50, each group constituting an experi- 
mental unit. The rats were placed in individual cages and 
were underfed by restriction to a constant daily body weight 
ration of a qualitatively balanced diet. The synthetic stock 
food employed is shown in table 1. 

TABLE 1 


Composition of synthetic stock ration in amount per gram 


Protein 

240.0 mg 

Thiamine 

0.005 mg 

Carbohydrate 

450.0 mg 

Pantothenic acid 

0.012 mg 

Pat 

45.0 mg 

Niacin 

0.0056 mg 

Fiber 

40.0 mg 

Riboflavin 

4.0 fig 

Ash 

100.0 mg 

Vitamin D 

60.0 chick units 

Water 

100.0 mg 

Vitamin A 

600.0 TJ.S.P. units 

Salt 

2.5 mg 

Vitamins C, E 

and K present in 

Iron oxide 

2.5 mg 

unmeasured amounts 


Adjustments of the amount of food allowed daily were 
made with each rat according to the loss or gain in body 
weight. At the end of the selected periods of underfeeding the 
animals were given full and adequate amounts of the above 
ration for 2 different periods of time. In experiment I, 50 rats 
were underfed for 30 days and refed for 35 days ; in experi- 
ment II, 50 rats were underfed for 90 days and refed for 60 
days. In addition to these groups of refed rats, a group of 
fully fed controls was observed during the recovery period of 
experiment I; the animals of this normal group were of the 
same size as the experimental animals at the end of the star- 
vation period. 

Daily food consumption during recovery was determined 
by placing a given quantity in the cages and weighing the dry 
residue 24 hours later. Water consumption was determined by 
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recording tlie number of times cage bottles were filled. Was 
lines were marked on the bottles so that refilling represented 
a certain number of milliliters. The animals were weighed 
daily in experiment I and weekly in experiment II. All 
weights were taken at the same time each day and on the same 
day each week. 

There was reason to believe that food-feces ratios would 
throw light on the problem of food economy. It is conceivable, 
for instance, that an increase in the ability of the digestive 
system to absorb usable material from ingested food could 
contribute to body weight gain. Ficker ( ’06) speaks of the 
increased permeability of the epithelial lining of the digestive 
tract to microorganisms as a result of starvation. Brooks, 
Marine and Lambert (’46) employed food-feces ratios with 
success in determining the efficiency of digestive functions in 
experimental obesity. Methods similar to those employed by 
these workers were used in this experiment. Food intake was 
determined for a period of 5 days by weighing the dry residue 
in the cages of 10 control rats and in those of 10 experimental 
rats which had been starved for 60 days. The dry weight of 
the feces was determined by collecting and desiccating the 
feces from both the control and experimental groups over this 
same period. 


RESULTS AND DISCUSSION 

The average daily food rations necessary to maintain a 
constant body weight during starvation are shown in figure 1. 
Although all rats in the preliminary experiments were allowed 
an identical daily ration, there was considerable variation in 
the ability to withstand sudden caloric restriction. Bats that 
survived the first few days of restricted food intake lived 
throughout the starvation periods. Gradual reduction in the 
daily ration in early starvation eliminated mortalities and 
made it possible later to maintain all animals on the same 
amount of food. Mortalities which nearly always occurred at 
the beginning of starvation in the preliminary experiments 
were eliminated entirely in the final studies by individual 
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food and body weight adjustments. The animals in chronic 
starvation required progressively less food to maintain body 
weight as the underfeeding was continued. These results may 
be viewed as an adaptation or acclimatization. The probable 
mechanism here is twofold: (a) the increased absorption 
efficiency of the digestive tract of the starved rats, as appears 
below in the results of this experiment and (b) the reduction 
in metabolic rate which resulted from starvation (Quimby 
and Phillips, ’47). Both of these effects would improve the 
food economy of the animal, the former actually providing 



JiUg. 1 The amount of food required daily during chronic starvation to maintain 
n constant body weight in young rats. The curve represents an average of 
50 animals. 


more energy for the tissues, the latter reducing the basal 
energy demand. 

The average total water intake, including that consumed 
with the food, for the starved and fully fed normal rats during 
a 30-day period is presented in table 2. The amount of dry 
food consumed by these 2 groups over this same period and 
the food-water ratio are also shown. These data show that 
although there was greater water intake in proportion to the 
amount of food consumed on the part of the starved rats, 
the total water consumption was not great. This -finding 
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stands in contrast to (1) that of Benedict (’07) who observed 
that starving human subjects drank enormous volumes of 
water, and (2) that reported by Keys et al. (’46) who noted 
that semi-starved men more than doubled their water intake. 
It appears, therefore, that the water retention noted by Bene- 
dict in starving humans and the excessive diuresis observed 
by Keys et al. in semi-starved men were not typical of the 
chronically starved young rats of this investigation. 

The relationship between the weight of dry food consumed 
and the weight of dried feces is expressed in table 2. These 
figures show that there was greater food absorption in the 
starved rats than in those which were fully fed. This fact 
suggests either a decrease in peristalsis or an increase in the 
permeability of the epithelial lining of the digestive tract. 


TABLE 2 

Food-water and food-feces ratios of chronically starred and fully fed rats 


EXPERI- 

MENTAL 

GROUP 

FOOD 

CONSUMP- 

TION 

WATER 

INTAKE 

food-water 

RATIO 

WEIGHT OF 
DRY FECES 
PER DAY 

WEIGHT OF 
DRY FOOD 
PER DAY 

FOOD-FECES 

RATrO 


ffVl 

ml 


im 

gm 


Starved 

150 

373 

1 : 2.5 

1.14 

4.5 

1: .25 

Fully fed 

520 

984 

1: 1.9 

5.20 

17.1 

Is .34 


The daily food consumption of starved rats during the first 
20 days of recovery as compared to that of normal rats of 
the same size is presented in figure 2. Anorexia did not de- 
velop in any of the starved animals ; food upon re-alimentation 
was accepted with vigor. However, during the first 10 days 
of recovery feeding the rats which had been chronically 
starved exhibited loss appetite than normal rats of the same 
size. The only exception to this occurred on the very first 
day that food was allowed ad libitum. After the 12th day of 
re-alimentation the rats recovering from chronic starvation 
had a greater appetite than the controls and ultimately ac- 
cumulated a greater total food consumption (table 4 and 
fig. 2). No deleterious effects of the ingestion of large amounts 
of food on this first day of recovery were noted in these rats, 
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such as were observed by Benedict ( ’07) and Keys et al. ( ’46) 
in humans. The decreased food intake on the second day may 
indicate some reaction or illness of the animal, or may have 
been simply an appetite reduction due to the indulgence of 
the first day. The latter is the more likely explanation since 
it was observed that in both normal and refed rats there was 
a tendency for food consumption to alternate between high 
and low on successive days. 



DAYS REFED 

Fig. 2 Comparison of daily food consumption of refed starved rats with 
normal rats of the same initial weight. Each line on the graph represents the 
average of 10 rats. 


The relationship between food consumption and weight 
gain from the 60-day recovery period of experiment II is 
summarized in table 3. It can be seen from these data that 
the greater caloric intake results in an increased weight 
recovery. Similarly Keys et al. (’46) noted that the weight 
recovery in adult men who had been chronically starved was 
greatest on high caloric diets. A gross gain in weight ex- 
ceeding the weight of consumed food, as noted by Morgulis 
(’23) on humans, was not observed in this investigation with 
rats. 

The effects of re-alimentation on food consumption, food 
utilization, weight gain, and water intake are summarized in 
table 4, together with similar data for the controls. Upon 
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refeeding, the rats which had been starved exhibited a remark- 
ably rapid rate of growth. This is shown by the data for the 
rats of experiment I who after 35 days of refeeding had an 
average weight of 246 gm compared with the normal rats of 


TABLE 3 

Food consumption, weight gain, and food utilisation during 
recovery from chronic starvation 


NUMBER OF 
ANIMALS 

AVERAGE TOTAL 

FOOD CONSUMPTION 

AVERAGE TOTAL 
WEIGHT GAIN 

PER CENT 

FOOD 

UTILIZATION 1 


gm 

gm 


12 

808.3 (714-859) 

174.4 (132-200) 

21.4 

16 

959.6 (905-1059) 

216.7 (204-239) 

21.5 

8 

1218.7 (1105-1346) 

271.0 (251—289) 

22.2 


1 Grams increase in weight 
Grams of food consumed 


TABLE 4 

Weight gain, food consumption, food utilisation and water intake 
of normal and refed rats 


NO. OF 
EATS IN 
GROUP 


INITIAL FINAL WEIGHT 

WEIGHT WEIGHT GAIN 


EE- FOOD PER CENT 

COVERY CON- OF FOOD WATER 

(OF NOE- SUMP- UTILI- INTAKE 

MAL) TION ZATION 1 


gm gm gm % % gm ml 

Experiment I — Chronically starved for 30 days, and refed for 35 days 
50 58.3 246.1 187.9 321.8 83.7 633.1 29.9 852.8 

Fully fed control, of same initial weight as experiment I 
10 60.5 195.2 134.7 222.2 63.3 576.0 23.4 1151.0 

Experiment II — Chronically starved for 90 days and refed for 60 days 
50, 60.3 267.1 206.7 340.8 75.4 965.7 21.3 1834.0 


1 Grams increase in weight 
Grams of food consumed 


the same initial weight whose average weight after 35 days 
of refeeding was only 191 gm. This stimulation of growth by 
starvation may he further emphasized by comparison with 
the growth rate found by Bryan and Gaiser (’32) in normal 
rats fed a special growth ration. Fed on what they call 
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“Mendel’s special growth diet” but which is really a ration 
devised by Smith and Bing (’28), the normal rats observed 
by these workers required 38 days to grow from 60 to 200 gm. 
The chronically starved rats of this present experiment re- 
quired only 22 and 30 days to grow through this identical 
range of body weight after being starved 30 and 90 days, re- 
spectively. Kopec and Latyszewski (’32) interpret this in- 
creased growth rate of refed animals as simply indicating 
a stimulating effect of starvation on growth. Jackson (’25) 
states that the rapid growth of the body following various 
periods of inanition may be due to the embryonic condition 
to which the cells are reduced. The extremely high metabolic 
rates during recovery found in studies related to the present 
investigation (Quimby and Phillips, ’47) may well support 
this concept of embryonic cell growth. However, the results 
of the present study indicate that growth stimulation follow- 
ing starvation may be related to the greater food utilization 
efficiency which starvation effects. While to some extent the 
enhanced growth may have been contributed to by slightly 
greater food consumption, it can be seen in table 3 that the 
group which had been starved had a food utilization of 29.9% 
as compared to 23.4%) for the controls. This increased food 
utilization efficiency may have been due to the increased in- 
testinal absorption which was incurred during chronic starva- 
tion. Results similar to this have been obtained on mice by 
Thompson and Mendel (T8) who concluded that the weight, 
gained by the stunted animals in proportion to the food eaten 
was greater than that gained by the controls. 

The recovery of a normal body weight by the stunted ani- 
mals was, of course, somewhat proportional to the duration of 
refeeding. Prolonged inanition increased the time for recov- 
ery, however. The mean weight of rats starved for 30 days 
and refed for 35 days was 246 gm, while that of rats starved 
for 90 days and refed for 35 days was only 220 gm. In other 
words, after equal periods of refeeding the rats which had 
been held in a state of chronic inanition for a prolonged period 
recovered considerably less in body weight than rats which 
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had been starved for only a short time. It may be concluded, 
therefore, that while short periods of semi-starvation stim- 
ulate growth, prolonged starvation tends to reduce this effect. 
Whether this difference in growth rate following short and 
long periods of chronic starvation is a reflection of the dif- 
ferences in ages of the animals, or whether it is a reflection 
of fundamental tissue changes associated with the malnutri- 
tion has not been determined. 

STJMMABY 

1. There was considerable variation in the ability of the 
rats to withstand sudden caloric restriction. Gradual reduc- 
tion in the daily ration in early starvation eliminated mor- 
talities and cognizance of adaptive differences carried out by 
individual weight losses and food ration adjustments made it 
possible later to maintain all animals on the same amount of 
food. The quantity of food necessary to maintain a constant 
body weight became less as underfeeding was continued. 

2. The amount of water consumed by the starved rats was 
less than that consumed by fully fed rats of the same initial 
size, hut w r as greater in proportion to the food intake. 

3. Chronically starved rats absorbed more material from 
the food than did normal rats. 

4. Anorexia did not develop as a result of chronic starva- 
tion, although during early re-alimentation the underfed rats 
consumed on the average slightly less food than normal rats 
of the same initial weight. The starved animals when refed 
accepted food with vigor, and the ingestion of large amounts 
appeared to have no ill-effects. 

5. Animals consuming large amounts of food during re- 
alimentation exhibited a greater weight gain than those with 
lesser appetites. 

6. Rats underfed for 30 days had a greater growth rate 
and food efficiency than normal rats of the same size. This 
effect was not seen in rats of the more prolonged starvation 
period of 90 days. 
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Previous work by Westerman and Hall (’47) has shown 
that when enriched patent flour was used as the sole source 
of the B -complex vitamins in the diet of the rat, supplements 
of certain B vitamins improved the nutritive value of the 
flour. This has been partially confirmed, particularly in re- 
gard to riboflavin, by Guerrant and Far dig (’47). 

In the experiments reported by Westerman and Hall ( ’47) 
the vitamins were added to the flour in amounts similar to 
those found in whole wheat in order to replace the vitamins 
lost in the milling process. However, none of the animals 
made as good growth as those on the stock diet. This was 
probably due to an inadequate supply of certain vitamins. In 
a normal diet the amount of B vitamins in whole wheat, if 
fed at a 30% or 40% level in the diet, would not be expected to 
meet the body’s needs for these vitamins. However, among the 
low income groups of the population the diets may be inade- 
quate in meat, milk and vegetables. These materials furnish 
the best sources of the B vitamins and in many cases are par- 
tially replaced by the use of larger amounts of cereals in the 

1 Contribution no. 141 of the Department of Home Economics. 
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diets. Therefore the question arises as to whether the addition 
of more of the B vitamins or increasing the amounts of those 
vitamins already added in the enriching process would prove 
beneficial. It was decided to conduct a series of experiments, 
based primarily on the rat’s requirements for the B-eomplex 
vitamins, using whole wheat and enriched flour supplemented 
with different amounts of the B vitamins, to detei*mine the 
effect on growth, maintenance, reproduction and length of life. 

In 1946 the government decided that 80% extraction flour 
would be used for a period of time in this country. This was 
done in order to have more of the wheat berry included in the 
flour and to make a larger supply of flour available for human 
food. Some observations on the use of 80% extraction flour 
as a source of the B vitamins in the diet are included in this 
report. 

EXPERIMENTAL PROCEDURE 

The procedure described by Westerman and Hall (’47) was 
followed. Young albino rats weighing between 40 and 50 gm, 
of known hereditary and nutritional background, were placed 
on a B-complex free basal diet for 12 days to deplete their 
bodies of these vitamins. At the end of the depletion period 
the animals were divided into groups in such a manner as to 
have equal distribution in regard to sex and litter mates. 
Forty per cent of the sucrose in the basal diet was replaced 
by flour or ground whole wheat unless otherwise indicated. 
Four different experiments were conducted. The composition 
of all the diets is shown in table 1. 

RESULTS AND DISCUSSION 

First experiment: Enriched flour included in the 
diets at a 40% level with B vitamins added 

In the first experiment diet I had choline and pyridoxine 
added to the enriched flour and diet II had choline, pyridoxine 
and riboflavin added (table 1). The analysis of the enriched 
flour showed that it contained 7.82 pg per gram of thiamine 
and 2.69 pg per gram of riboflavin. It supplied 18.77 pg of 
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TABLE 1 

Composition of the diets 

The B-complex free basal diet consisted of 30% vitamin free casein, 60% sucrose, 13% fat, 
5% salt mixture and 3% cod liver oil The flour replaced an equivalent amount of sucrose 
and was fed at a 40% level in the diet except where indicated. The B vitamins were added to 
the diet as indicated below. 


DIET 


CHANGES IN DIET 


NO. 

Experiment I 

Experiment II 

Experiment III 

Experiment IV 

I 

Enriched flour 

Whole wheat 

Whole wheat 

Whole wheat 


4 0.75 mg choline 
+ 2 Mg pyridoxine 
per gram 

- 



II 

Enriched flour 

Enriched flour 

Whole wheat 

80% extraction 


+ 0.75 mg choline 


4 4.4 Mg 

flour 


+ 2 Mg pyridoxine 


thiamine per 



•f 34.2 Mg ribo- 
flavin per gram 


gram 


III 


Enriched flour 

Enriched flour 

80% extraction 



-j- 0.75 mg choline 
4- 2 Mg pyridoxine 
per gram 


flour, enriched 

IV 


Enriched flour 

60% whole wheat 

80% extraction 



4 1 mg liver 
extract per gram 


flour, blended 

V 


Enriched flour 

60% enriched 

80% extraction 



4 0.75 mg choline 

flour 

flour, blended 



4 2 Mg pyridoxine 
4 34.2 Mg ribo- 
flavin per gram 


and enriched 

VI 


Enriched flour 

Enriched flour 

Enriched flour 



4 0.75 mg choline 

4 0.75 mg choline 




4 2 Mg pyridoxine 

, 4 2 Mg pyridoxine 




4 20.5 Mg Ca 

4 20.5 Mg Ca 




pantothenate per 

pantothenate 




grain 

4- 14.2 Mg ribo- 
flavin per gram 


VII 


Stock diet 

Enriched flour 





4 0.75 mg choline 

4 2 Mg pyridoxine 

4 20.5 Mg Ca 
pantothenate 

4 14.2 Mg ribo- 
flavin -4 4.4 Mg 
thiamine per gram 
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thiamine and 6.46 ng of riboflavin per rat per day. Sure ( ’38) 
found that 10 (jg of thiamine per day will meet the growth re- 
quirements of the rat. According to . Edgar, Macrae and 
Vivanco '(’37) the rat needs 40 ng per day of riboflavin for 
growth. Since the 6.46 pg of riboflavin furnished by the flour 
in diet II was not enough to support growth, it was decided to 
add 14.2 pg of riboflavin per gram to the enriched flour, thereby 
bringing the riboflavin intake per day up to 40.54 pg. 

According to Tepley, Strong and Elvehjem (’42) flour con- 
tains approximately 3.5 pg per gram of pyridoxine. The flour 
in the diet provided a daily intake of 8.4 pg of pyridoxine. 
Lepkovsky ( ’38) reported that 10 pg of pyridoxine daily is 
necessary for optimal growth, so 2 pg of pyridoxine per gram 
was added to the flour. This would provide a total of 13.2 pg 
of pyridoxine per day, which should be ample for growth 
purposes. 

The 0.75 mg of choline per gram was added to tbe flour to 
take care of any lack of this material in the diet. Griffith ( ’41) 
reported that with 18-24% of casein in the diet, hemorrhagic 
degeneration could be prevented by including 1-2 mg of choline 
in the daily ration. The diets used in these experiments al- 
lowed an intake of 1.7 mg choline per day. Dann ( ’41) re- 
ported that the rat synthesizes enough nicotinic acid for its 
needs, and Hundley (’47) found that tryptophane appeared 
to be a precursor of nicotinic acid. With casein in the diet to 
furnish tryptophane and the enriched flour providing nico- 
tinic acid it was decided not to add this vitamin to the diet. 

After the test was started the animals were weighed every 
6 days over a 96-day period. The results are shown by the 
growth curves in figure 1. It will be noted that the animals on 
diet II, with the added riboflavin, made greater weight gains 
than those on diet I. The fur and general appearance of these 
animals were much better than those on diet I. While the ad- 
dition of choline and pyridoxine to the flour may have had 
some effect in increasing the growth rate, the addition of a 
larger amount of riboflavin to the enriched flour along with 
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Fig. 1 Growth curves of animals in experiment I. 
Fig. 2 Growth curves of animals in experiment II. 
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the choline and pyridoxine had a much more striking effect 
on the growth rate. 

This experiment would seem to indicate that enriched flour 
did not contain enough riboflavin to support normal growth 
when included in the diet at a 40% level, as the addition of 
more riboflavin along with choline and pyridoxine aided in 
accelerating the growth rate. 

Second experiment : Effect of the addition of B vitamins 
to enriched four, on groivth, maintenance and 
reproduction 

The second experiment was set up on a long tenn basis to 
determine the growth rate, maintenance, reproduction and 
length of life of the animals fed the different diets. Seven 
diets (table 1) were used with 10 animals on each diet. Diets 

1 and II, containing 40% whole wheat and enriched flour, re- 
spectively, and diet VII, the stock ration, were considered 
the control diets. Diet III had 0.75 mg choline and 2 Mg pyrid- 
oxine added per gram of enriched flour in order to meet the 
i*at’s requirements for these 2 materials. Diet IY had 1 mg 
of liver extract added per gram of enriched flour in order to 
furnish all the B vitamins. Diet Y had 0.75 mg of choline, 

2 Mg pyridoxine and 14.2 Mg' riboflavin added to each gram of 
enriched flour in order to meet the requirement of the rat for 
these essentials. Diet YI was like diet III except that 20.5 Mg 
of calcium pantothenate was added per gram of enriched flour. 

The average growth rates of the rats on the different diets 
are shown in figure 2. The animals surviving on diet I barely 
held their weight for 14 weeks of the test. They were denuded 
of fur, had a dermatitis on the feet and were inactive. These 
details are brought out on plate 1, A. 

Analysis of the whole wheat showed that it contained 4.69 Mg' 
of thiamine, 0.92 ng riboflavin, 5.93 Mg of calcium pantothenate 
and 49.63 Mg of nicotinic acid per gram. The animals received 
11.26 Mg of thiamine, 14.23 Mg of calcium pantothenate, 2.21 Mg 
of riboflavin and 119.11 Mg of nicotinic acid per day. The diet 
was low in calcium pantothenate since Supplee, Bender and 
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Kalilenberg ( ’42) reported that 20 Mg of calcium pantothenate 
was needed for adequate growth. The riboflavin in the diet 
was very low, 2.21 Mg per day. Inadequate calcium panto- 
thenate and riboflavin undoubtedly accounted for the death 
of some of the animals on this diet and the loss of fur and 
failure to gain weight by the others. 

At the beginning of the 15th week of the test, 14.2 Mg per 
gram of riboflavin was added to the ground wheat used in 
diet I in order to bring the riboflavin intake nearer the normal 
amount required by the rat. All animals gained weight 
rapidly, as shown in figure 1. Ten weeks after the addition 
of riboflavin (24th week of the test), these animals had gained 
considerable weight. Their fur grew again; they looked and 
acted like normal animals (plate 1, B). They were not so 
large as those on the normal diet, which had made an average 
gain of 276 gm during the same period. The 2 females pro- 
duced young but only 1 litter was raised. 

At 3 months of age, 5 females of the second generation on 
diet I were bred but only 1 produced a litter. There were 10 
young but these soon died. Evidently the diet containing 
whole wheat supplemented with riboflavin was sufficient for 
growth but not for reproduction and lactation in the second 
generation. 

Diets II through VI contained enriched flour. The flour as- 
sayed 7.82 Mg of thiamine, 2.69 Mg riboflavin, 2.05 Mg calcium ' 
pantothenate and 42.63 Mg of nicotinic acid per gram. The 
diet provided 18.77 Mg of thiamine, 6.46 Mg riboflavin, 4.92 Mg 
calcium pantothenate and 102.3 Mg nicotinic acid daily. 

The animals on diet II, enriched flour, made better weight 
gains than those on whole wheat. This may in part be ex- 
plained by the increase in thiamine and riboflavin in this diet. 
However, the enriched flour furnished less calcium panto- 
thenate and nicotinic acid than the whole wheat. The animals 
on diet II did not grow at a normal rate (fig. 2). By the end 
of 14 weeks they had developed a dermatitis on the paws, loss 
of fur, and curvature of the spine, as is shown on plate 1, C. 
They were bred but no young were born. As the test contin- 
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tied tlie dermal symptoms increased and some of the animals 
died. After 46 weeks 2 Mg per gram of pyridoxine was added 
to the enriched flour. This amount of pyridoxine added to 
that already in the flour was considered sufficient for growth 
and maintenance. Two weeks after this addition the fur be- 
gan to grow, the dermatitis was cured, and weight was in- 
creased, but they failed to reproduce. This failure may be due 
to a lack of other vitamins. 

Animals on diet III, with eholine and pyridoxine added, 
averaged a slightly better growth rate than those on en- 
riched flour alone (fig. 2). They lost part of their fur and 
showed the symptoms of a lack of calcium pantothenate, with 
reddish incrustations on the whiskers, head and paws. Three 
females had litters but destroyed their young soon after birth. 
This may have been due to a lack of riboflavin and calcium 
pantothenate. 

Liver extract was added in diet IV in order to determine 
whether it would aid in promoting better growth than the ad- 
dition of the synthetic vitamins. The animals on this diet 
made better weight gains than those on whole wheat or en- 
riched flour (fig. 2). The growth was below normal; evidently 
not enough liver extract was added to provide the necessary 
essentials lacking in this diet. 

The animals on diet V made better weight gains than those 
on diets I to IV (fig. 2; plate 2, A). However the animals on 
diet VI showed even greater weight gains (fig. 2). The amount 
of calcium pantothenate added plus the amount already in the 
flour brought the daily intake up to 54.12 Mg per rat per day in 
diet VI. This amount should more than take care of the 
growth requirement. Rats on this diet made the best growth 
of those on the experimental diets, but the average growth 
rate was not equal to that of the animals on the stock diet. 
These rats appeared active and their fur was in good condi- 
tion (plate 2, B). The lack of riboflavin in this diet may 
account for the fact that these animals made less growth than 
those on the stock diet. The animals on diet VI were mated, 
but no young grew to maturity. This may have been due to 
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a lack of riboflavin in the diet, or not enough calcium panto- 
thenate or other vitamins to allow for proper lactation. 

Diet VII was the stock diet. Animals on this diet grew at 
a much faster rate than any of the other groups and showed 
no deficiency symptoms (fig. 2 and plate 2, C). They were 
able to produce normal litters and raise them to maturity, 
which would indicate that the diet was adequate. 

This experiment was carried on over a 64-week period in 
order to compare the length of life of the rats on these diets. 
Seven of the 10 rats on the diet containing whole wheat were 
dead by the 14th week. Those on the enriched flour lived a 
longer time but most of them died in or before the 46th week. 
The addition of choline and pyridoxine in diet III did not 
seem to have much effect on the lengthening of life, since these 
animals died at about the same time as those on the enriched 
flour alone. The addition of choline, pyridoxine and riboflavin, 
as in diet V, and the addition of choline, pyridoxine and cal- 
cium pantothenate, as in diet VI, proved beneficial since 60 
and 70%, respectively, of these animals lived for 64 weeks 
and then were discarded. 

Third experiment : Whole wheat and enriched flour at 
the 40 and 60 % levels 

In the third experiment it was decided to compare the effect 
on growth and reproduction of the animals on diets contain- 
ing whole wheat, whole wheat with added thiamine, enriched 
flour, and enriched flour with the addition of sufficient B vita- 
mins to meet the rat’s requirements. The whole wheat and the 
enriched flour were included in the diets at the 40 and 60% 
levels. The 60%' level was included since people in some parts 
of the world use cereals in the diet at this level. A series of 
animals on the stock diet were also included for the purpose of 
comparison. The composition of the diets is given in table 1 
and the growth curves are shown in figure 3. 

The animals with 40% enriched flour in the diet showed 
better weight gains than those on whole wheat. This is in 
accordance with an observation of Guerrant and Fardig (’47). 
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The addition of 4.4 (jg of thiamine per gram to the whole wheat 
provided an approximate intake per rat per day of 22 Mg of 
thiamine, which would he more than an ample supply of this 
vitamin for growth purposes. The animals with added thia- 
mine in the diet did make better weight gains than those on 
whole wheat alone, thereby showing that whole wheat at a 
40% level in the diet did not provide enough thiamine for 
normal growth. The animals with thiamine added to the 
whole wheat did not make quite such good gains throughout 
the test as those on enriched flour (fig. 3). 

At a 60% level in the diet greater gains were made by the 
animals on enriched flour than by those on whole wheat (fig. 3) . 
These gains were greater in each case than those of the ani- 
mals with 40% of these constituents in the diet. This would 
seem to indicate that if the diets were lacking in B-complex 
vitamins a higher percentage of cereals in them would provide 
more of these substances. 

It will be noted (fig. 3) that whole wheat at a 60% level in 
the diet promoted only slightly better growth than enriched 
flour at a 40% level. This may be due to the difference in 
vitamin content of the diet or a difference in digestibility of 
these 2 products. In regard to vitamin content, in diet IY with 
60% whole wheat the animals received 16.78 Mg of thiamine, 
3.31 Mg riboflavin, 21.41 Mg of calcium pantothenate and 178.7 
Mg of nicotinic acid. Those on diet III with 40% enriched 
flour received 18.77 pg thiamine, 6.46 Mg riboflavin, 4.92 M g 
calcium pantothenate and 102.3 Mg nicotinic acid. The amount 
of thiamine obtained from diet IV is slightly less than that 
of diet III, while diet III contained about twice as much ribo- 
flavin, and diet IV had about 4 times as much calcium panto- 
thenate as diet III. It may be possible that the increased 
calcium pantothenate in the whole wheat accounted for the 
added weight gain and in some way made up for the lack of 
riboflavin for growth purposes. The rats on diet V with 60% 
enriched flour obtained approximately 28.15 Mg of thiamine, 
9.68 Mg riboflavin, 7.38 Mg calcium pantothenate and 153.47 Mg 
nicotinic acid per day. There was a higher content of thiamine 
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and riboflavin in diet V than in diet IV, but the calcium panto- 
thenate content of diet IV was greater than that of V. The in- 
creased growth of the animals on diet V over that of the rats 
on diet IV may have been due to a better balance of the vita- 
mins in the former diet. From our observations, when ribo- 
flavin is low and calcium pantothenate plentiful in the diet, 
along with the other vitamins, the growth is approximately 
that of animals with lowered amounts of calcium pantothenate 
and a plentiful supply of riboflavin ; but even better growth is 
obtained when these vitamins are in the diet. 

The rats on diets I through V were mated but no young 
were produced. It may be that the diets were lacking in vitamin 
E, but it would seem that whole wheat would have enough 
vitamin E in the germ portion to promote reproduction. It is 
possible that the lack of some of the B-complex vitamins may 
have been the cause. 

At the beginning of the 20th week of the test the animals on 
diets III, IV and V were each divided into 2 groups. One 
group had 4% autoclaved yeast added to the diet and the other 
had 10% autoclaved peanuts added. These products replaced 
an equivalent amount of sucrose in the diet. It will be noted 
(fig. 3) that the autoclaved peanuts did not contain materials 
needed by the rat, as growth was decreased or remained at 
the same rate. In the case of the addition of autoclaved yeast, 
growth was accelerated in all cases, which indicated that the 
yeast contained substances besides thiamine which had a 
beneficial effect upon growth. 

Diet VI had choline, riboflavin, pyridoxine and calcium 
pantothenate added to the enriched flour while diet VII had 
these same additions plus 4.4 Mg of thiamine per gram. The 
growth curves indicate that the animals on these 2 diets ap- 
proached the same rate of growth as those on the stock diet. 
At the end of the 20th week the average weights were 235, 
267, and 281 gm, respectively. Since the animals on diet VII 
made better gains than those on diet VI, it seems evident that 
the addition of the thiamine was beneficial. None of the rats 
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Pig. 3 Growth curves of animals in experiment III. 
Fig. 4 Growth eurves of animals in experiment IY. 
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on the 2 diets made quite so much gain throughout the test as 
those on the stock diet. 

At the beginning of the 14th week of the test, the animals 
on these diets were mated. Three of the 4 females on diet VI 
had litters but destroyed the young. This happened again in 
the second mating which would seem to indicate that the diet 
was not adequate for raising the young. 

Of the rats on diet VII, with thiamine added, 3 out of 4 
females produced litters. The young were weaned at the age 
of 21 days and kept on diet VII for a growth test. Their aver- 
age growth rate approximated that of the first generation. By 
the 14th week after weaning, they had an average weight of 
216 gm while those of the first generation at the same age 
weighed 221 gm. The animals were mated at this time and 
given 3 mg of vitamin E each day to make up for any defici- 
ency of this vitamin in these diets. None of the second genera- 
tion animals produced live young. The diet was evidently 
lacking in some other factor necessary for reproduction and 
lactation. 

Fourth experiment : Effect on growth of 80 % 
extraction flour 

When the government began the policy of shipping more 
wheat and flour abroad it became necessary to conserve these 
materials at home. In order to do this the government made 
it mandatory that 80% extraction flour be milled in this 
country for a time. Immediately the question was raised as 
to whether or not this type of flour would have more nutritive 
value. An experiment was set up to compare the effect on the 
growth of the rat when fed a diet containing whole wheat, en- 
riched patent flour, and 80% extraction flour. The whole 
wheat was taken from the same sample as that used in milling 
the 80% extraction flour. The enriched patent flour was a part 
of the same used in the previous experiments, obtained from 
a commercial mill. 

The 80% extraction flour was milled by the Department of 
Milling Industry of the college. Since this was a change in 
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the processing, it was suggested that it might be difficult to 
set the mill to obtain exactly 80% extraction flour; therefore 
included in the test was an 80% extraction flour which was 
blended from flour milled at 5 different mills. Also it was de- 
cided to include 80% extraction flour which had been en- 
riched to the same level with the B-complex vitamins as the 
enriched patent flour. It was thought this might show whether 
or not there were enough of the other B-complex vitamins in 
the 80% extraction flour to promote as good growth as the 
enriched patent flour. 

To determine the amount of each vitamin needed to enrich 
the 80% extraction flour, analyses were made of the enriched 
patent flour and of the 80% extraction flour. The enriched 
patent flour contained 7.82 Mg of thiamine, 3.32 Mg of riboflavin 
and 44.2 Mg of nicotinic acid per gram. The 80% extraction 
flour contained 3.28 Mg of thiamine, 0.32 Mg of riboflavin, and 
10.0 Mg of nicotinic acid per gram. Therefore it was necessary 
to add 4.54 Mg of thiamine, 3.00 Mg of riboflavin, and 34.2 Mg of 
nicotinic acid per gram to the 80% extraction flour in order to 
bring the content of these vitamins up to the same levels. 

The 6 different diets used in the experiment contained the 
whole wheat and flour at a 40% level. The entire composition 
of the diets is given in table 1. The growth tests were con- 
ducted over a period of 12 weeks and the results are shown in 
figure 4. The animals on diet II with the 80% extraction flour 
without enrichment made no weight gains ; instead, they lost 
13 gm in weight (fig. 4). Animals of diet IY with 80% extrac- 
tion flour, blended, also showed very poor growth and gained 
only 4 gm during the test. The animals on both of these diets 
showed the B-complex deficiency symptoms of inactivity, loss 
of appetite, nervousness and in some cases paralysis. 

Diet I, containing whole wheat, produced an average weight 
gain of 21 gm during the test period while the animals on diet 
VI with enriched flour gained an average of 29 gm. This is in 
accord with the previous tests where the animals on enriched 
flour at a 40% level in the diet made better weight gains than 
those on whole wheat. The rats on diets III and V with the 
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enriching agents added to the 80% extraction flour showed 
slightly better weight gains throughout the test than those 
with enriched flour in the diet; their average gains were 33 
and 37 gm, respectively. 

The results would seem to indicate that if 80% extraction 
flour is to he used as a source of B-complex vitamins in the 
diet, it should be enriched; then it is only slightly better in 
promoting growth in rats than is the enriched patent flour. 

SUMMARY 

Experiments have been conducted on albino rats to deter- 
mine the effect on growth, maintenance, reproduction and 
length of life of the use of whole wheat, enriched flour, en- 
riched flour supplemented with other B-complex vitamins, and 
80% extraction flour in the diets. Under the conditions of the 
experiments it was found that the whole wheat and the en- 
riched flour did not support normal growth and reproduction 
in the rats when included in the diet as sources of the B-com- 
plex vitamins, at either the 40 or 60% level. However, the 
enriched flour in the diet at these levels promoted better 
growth than the whole wheat. 

Under the conditions of these experiments the enriched 
flour supplemented further with the B vitamins supported 
better growth, maintenance, reproduction and length of life 
than the enriched flour alone. The addition of choline, pyrid- 
oxine and riboflavin to the enriched flour resulted in greater 
weight gains than the addition of choline and pyridoxine. 
However, when choline, pyridoxine and calcium pantothenate 
were added even better growth was obtained. The animals 
with additional riboflavin or calcium pantothenate in the diet 
lived longer and showed fewer deficiency symptoms than those 
on the diet of enriched flour with only choline and pyridoxine 
added. 

Animals on diets with choline, pyridoxine, calcium panto- 
thenate and riboflavin added to the enriched flour, and these 
vitamins plus thiamine, made excellent growth records which 
compared favorably with the average gain made by the ani- 
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mals on the stock diet. None of the animals on the test diets 
reproduced so well as those on the stock diets. 

The 80% extraction flour, without enrichment, did not sup- 
port growth in the rats. When 80% extraction flour was en- 
riched at the same levels as patent flour it supported slightly 
better growth than the enriched patent flour. 
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PLATES 1 AND 2 



PLATE 1 

EXPLANATION OF FIGURES 


A. After 14 weeks on diet I containing 
40% whole wheat. 

E. Improvement shown 10 weeks after 
addition of riboflavin to diet I. 

C. After 24 weeks on diet II containing 
40% enriched flour. 



PLATE 2 


EXPLANATION OF FIGURES 

A. After 24 weeks on diet V containing 
40% enriched flour with choline, pyridoxine 
and riboflavin added. 

B. After 24 weeks on diet VI containing 
40% enriched flour with choline, pyridoxine 
and calcium pantothenate added. 

C. After 24 weeks on the stock diet. 
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Ascorbic acid deficiency has long been associated with dis- 
turbances in protein metabolism, particularly the formation of 
intercellular cementing substance. Sealock and Silberstein 
( ’39) were the first workers to connect this deficiency with the 
metabolism of specific amino acids. The normal metabolism 
of certain amino acids is disturbed in scorbutic guinea pigs 
and immature infants (Levine, Gordon and Marples, ’41; 
Christensen and Lynch, ’48). Administration of ascorbic 
acid, often in large amounts, restores normal metabolism. 
In the present experiments we have attempted to determine 
whether ascorbic acid metabolism can be influenced in the rat 
by increasing protein metabolism while maintaining caloric 
intake constant. 

Rats, therefore, were fed diets high in carbohydrate, fat or 
protein but in all cases adequate to maintain nitrogen balance, 
and the ascorbic acid concentrations in various organs de- 
termined. 

METHODS 

Adult male rats of the Sprague-Dawley strain were fed for 
5 weeks by the stomach tube technique of Reineeke, Ball and 
Samuels (’39). The composition of the diets used is given 
in table 1. 

x This investigation was supported by grants from the Sugar Research Foun- 
dation and from the Medical Research Fund, University of Utah. 
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In addition, in experiment 2 the protein-fed rats were given 
6 mg ascorbic acid per day. In experiment 3 the fat group 
and 1 protein group received 50 mg ascorbic acid per day by 
mouth. 

At the end of the feeding period the rats were anesthetized 
with sodium amytal given intraperitoneally, 9 mg/100 gm 


TABLE 1 

Diets used in stomach tube feeding 



HIGH FAT 

HIGH CARBOHYDRATE 

HIGH PROTEIN 

Laetalbumin, Labeo (gm) 

30 

30 

263.25 

Gelatin, IT.S.P. (gm) 

30 

30 

30 

Corn oil (gm) 

105.8 

3 

3 

Dextrin (gm) 

0 

233.25 

0 

Salt mixture, IT.S.P. no. 1 (gm) 
Oleum Percomorphum, 

12.0 

12.0 

12.0 

reinforced (drops) 1 

12 

12 

12 

Vitamin concentrate (gm) 2 

6.0 

60 

6.0 

"Water to make (ml) 

900 

900 

900 

Calories (per ml) 1.30 

Caloric distribution (% of total calories) 

1.31 

1.30 

Protein 

19.5 

19.5 

92.4 

Pat 

80 

2.7 

2.7 

Carbohydrate 

0.5 

77.8 

4.9 


1 Mead J ohnson and Co. 

2 Lederle’s Lederplex. According to label, 6 gm contained (in milligrams) 
thiamine hydrochloride 24, riboflavin 24, nicotinamide 120, pyridoxine 2.4, calcium 
pantothenate 36, choline 240, inositol 120 and folic acid 2.4; pins other water- 
soluble extractives from 96 gm liver. 


body weight. The abdomen was then opened and blood with- 
drawn from the abdominal aorta. The various organs were 
removed, weighed, ground with sand and 6% trichloracetic 
acid and centrifuged. The supernatant solutions and blood 
plasma were analyzed for ascorbic acid by the method of 
Eoe and Ku ether (’43). 

A sample of liver was also analyzed for total nitrogen by the 
Kjeldahl method. 
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RESULTS 

As can be seen in table 2, there were no significant differ- 
ences in the ascorbic acid concentrations of any of the tissues 
when the fat-fed and carbohydrate-fed groups were compared, 
with the possible exception of the livers in experiment 1. 
In. this case, when ascorbic acid was related to the nitrogen 
content of the livers, this difference was eliminated. Appar- 
ently a wide shift in the ratio of carbohydrate to fat as sources 
of calories did not affect ascorbic acid metabolism in a marked 
way. 

On the other hand, the protein-fed groups showed significant 
differences from those on the other 2 diets. The ascorbic acid 
concentrations of muscle and blood were always lower in the 
animals receiving the high protein diet than in the other 
groups. The administration of high doses of ascorbic acid 
did not alter blood levels significantly, but the concentration 
in the muscles was definitely increased. 

The kidneys and livers of protein-fed rats also had lower 
concentrations of ascorbic acid on the unsupplemented diets. 
Both organs, however, were larger in the animals on the 
high protein diets. "When considered on the basis of ascorbic 
acid per 100 gm body weight, there was as much in the livers 
of the protein-fed rats as in the carbohydrate- or fat-fed 
groups ; the lower concentration in the liver was offset by the 
larger size of the organ. This was not true in the case of the 
kidney; the concentration per 100 gm body weight was also 
significantly lower unless ascorbic acid was administered. 
The levels in both kidneys and liver were raised when the vit- 
amin was fed. 

As shown in table 3, the significant differences in total 
weight of organs are those which have been previously re- 
ported (Osborne, Mendel, Park and Winternitz, ’25). The 
livers of the rats fed high protein were largest in experiment 
2 where the caloric intake was also largest. In experiment 
1, the livers of the fat-fed and protein-fed rats were larger 
than those of the rats fed carbohydrate but did not differ 



Ascorbic acid content of organs of male rats on high fat , high carbohydrate or high protein diets 
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significantly between themselves. However, the nitrogen con- 
tent of the livers of the protein-fed groups was always higher 
than that in the other groups of all 3 experiments. In experi- 
ment 1 where all rats received equicaloric rations in quantities 
sufficient to cause gains in weight, the rats receiving fat had 
accumulated enough lipid in the liver to offset the increased 
protein content of the livers of the protein-fed rats. In ex- 
periment 3 where the animals were slightly underfed, the 
livers tended to be smaller and to have higher nitrogen con- 
tents, but the difference between diets was still present. 

The kidneys of the protein-fed rats were always larger. 
The difference was more marked if the calories on the high 
protein diet w T ere sufficient for gains in weight, but it was 
still marked in experiment 3 where food intake was insufficient 
to maintain weight. 

There was no significant difference in the size of the ad- 
renals of the protein- and fat-fed rats. The average weight 
of the adrenals of the carbohydrate-fed animals was slightly 
smaller. These results confirm the observations of Ingle, G-in- 
ther and Nezamis ( ’43) that, in the adult rat, there is no sig- 
nificant increase in adrenal size on a protein diet. Since in 
these experiments 92% of the calories was obtained from pro- 
tein it seems unlikely that the adrenals play any role in the 
catabolism of dietary protein; otherwise, some evidence of 
hypertrophy would have been expected. 

DISCUSSION 

There seems to be some effect of protein diet on the metabol- 
ism of ascorbic acid in the rat. While there is no definite evi- 
dence of the mechanism involved, it seems that the following 
hypothesis would most simply fit the facts : 

As Sealock, Perkinson and Silberstein (’40) have shown, 
ascorbic acid is related to the metabolism of tyrosine and 
phenylalanine. It also appears to be involved in the metab- 
olism of glutamine and glycine (Christensen and Lynch, ’48). 
On the high protein diet used here relatively large amounts 
of these amino acids, as well as all others, were catabolized. 
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In such a situation it might be expected that the utilization 
of ascorbic acid would be greatly increased. Production, in 
which the liver appears to play a prominent role (Smythe and 
King, ’42), could not keep up with destruction, and concen- 
trations in the plasma and in the tissues which would metabo- 
lize such amino acids decreased. In those tissues like the 
brain, which did not use these amino acids, or in those tissues 
where ascorbic acid appears to be associated with some other 
specific metabolic process, such as the adrenals, there was no 
significant effect of the diet. 

When ascorbic acid was fed, the concentrations in the tis- 
sues where they were low were increased, but the vitamin 
was still removed so rapidly by these tissues that the plasma 
level did not rise significantly. This would be expected, since 
the distribution of ascorbic acid to the tissues is not simply 
a diffusion phenomenon, but must involve considerable energy 
utilization to maintain the marked concentration gradient. 
If there was an increase in the processes utilizing ascorbic 
acid it might be expected that there -would be energy avail- 
able for maintaining an increased concentration gradient. 
In no single tissue did this gradient reach the maximum for 
that tissue found by Kuether, Telford and Roe ( ’44) in guinea 
pigs. 

On the other hand, if decreased production were primarily 
responsible for the low ascorbic acid values, one would have 
expected that the levels in all tissues, whether they utilized 
amino acids or not, would be decreased. This is seen in the 
scorbutic guinea pig where the levels in the brain and adrenals 
follow, the general drop in tissue concentration. One would 
also have expected the circulating fluids to show the effect 
of dietary ascorbic acid, if tissue demand were normal and 
liver production alone decreased. Also, as Roberts and Spiegl 
’47) demonstrated, the production of ascorbic acid, like other 
functions of the liver, is dependent on the supply of sulphur- 
containing amino acids. These were not lacking in any of the 
diets, and certainly not in the high protein ration. A relation- 
ship between tyrosine catabolism and ascorbic acid has been 
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demonstrated in liver and kidney tissues by Lan and Sealock 
(■’44). It probably is also true for muscle since the aromatic 
amino acids undergo metabolism there. It seems most logical, 
therefore, to assume that the changes observed were due to 
increased destruction of ascorbic acid in the presence of high 
amino acid metabolism. 

Heinemann ( ’36) studied the influence of a diet containing 
50% of the calories as protein on the excretion of, and re- 
quirement for, ascorbic acid in the human being. A diet con- 
taining 11% of the calories as protein was used as the basis 
of comparison. He found no effect. Since our high protein 
diets contained 92% of the calories as protein the apparent 
difference in results may be due to the greater sustained pro- 
tein level in our experiments. It may also be due to the dif- 
ferent methods of study or to difference in species. Certainly 
there seems to be an influence of high protein diets on the 
tissue distribution of ascorbic acid in the rat. 

CONCLUSIONS 

A high protein diet led to a decrease in the concentration 
of ascorbic acid in tissues which metabolize considerable 
amounts of amino acids, such as the liver, kidneys and muscle. 
The levels in the plasma were also decreased. 

There was no change in brain or adrenal ascorbic acid 
concentrations. 

The enlargement of the liver on a high protein diet was 
sufficient to leave no significant difference in the amounts of 
liver ascorbic acid per unit body weight. This was not true 
of the kidney. This organ showed a marked increase in size 
on the high protein diet, but the concentrations of ascorbic 
acid were so low that there was less ascorbate per unit of 
body weight. 

Administration of ascorbic acid led to an increase in the 
concentration of ascorbate in the liver, kidneys and muscle 
of protein-fed rats, but even doses of 50 mg a day did not 
significantly increase the concentration in the plasma. 

It is thought that the results are best explained by an in- 
creased utilization of ascorbic acid in those tissues able to 
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metabolize large amounts of amino acids. The muscle illus- 
trates the chang’es in a tissue metabolizing both ascorbate and 
protein, the blood reflects the body balance, and the liver 
shows the compensation changes of a producing organ. 
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Available literature on attempted experimental production 
of anemia in animals was reviewed in an article by Miller and 
Rhoads (’35). These workers found that feeding a modified 
canine-black-tongue-producing diet to swine produced a symp- 
tom-complex marked by oral mucus membrane lesions, achlor- 
hydria, and anemia. There was remission of the anemia and 
amelioration of symptoms as a result of oral or parenteral 
administration of liver extract. 

Cartwright, Wintrobe and Humphreys (’46) using a puri- 
fied diet containing 2% sulfasuxidine in the ration, produced 
in a pig an anemia which responded to a highly purified liver 
extract but not to biotin. They suggested that in the pig a 
“folic acid” deficiency may be associated with the develop- 

1 Published as Scientific Paper no. 771, College of Agriculture and Agricultural 
Experiment Stations, Institute of Agricultural Sciences, State College of Wash- 
ington, Pullman. 
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ment of a normocytie anemia. In the rat, a similar dietary 
regimen produced a deficiency in growth that responded 
promptly to a combination of biotin and pteroylglutamic acid 
and showed partial response to a 1% level of either yeast 
concentrate or liver extract (Welch and Wright, ’43). 

Welch et al. ( ’47) by use of a crude chemical antagonist that 
interfered with the metabolism of pteroylglutamic acid in the 
pig, interrupted and significantly inhibited the formation of 
erythrocytes and granulocytes. The addition of a crude source 
of extrinsic factor, together with normal human gastric juice, 
was found to alleviate the interference. 

Cunha et al. ( ’47) failed to produce an anemia in swine by 
use of a purified diet including sulfathalidine for a 5-week 
period at a’ 0.5% level supplemented with 6 B-complex vita- 
mins. They found that the addition of “folic acid” or p- 
aminobenzoic acid (PABA) alone to the basal purified ration 
stimulated hemoglobin formation to a small extent. However, 
when folic acid was added to the purified basal ration in addi- 
tion to an anti-pernicious anemia liver extract or other vita- 
mins (inositol, biotin, PABA), it did not stimulate hemoglobin 
formation, possibly indicating some vitamin imbalance. 

The experiment reported herein gives data on the produc- 
tion of a folic acid deficiency with the pig and on an interrela- 
tionship of pteroylglutamic acid and an anti-pernicious anemia 
liver extract with biotin. In addition, folic acid and the anti- 
pernicious anemia liver extract are compared in preventing 
an anemia which developed in the pig. 

EXPEKIMENTAL 

Six-week-old purebred Chester White pigs were used in this 
experiment. They were divided equally in each lot as to con- 
dition, weight, sex, and age. 

The rations fed are shown in tables 1 and 2. The same pigs 
were used throughout the 2 phases of this experiment. During 
the first phase (13 weeks) the effect of sulfasuxidine on the 
need for folic acid by the pig was studied. Also, the effect of 
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using a liver preparation, 4 and the addition of folic acid alone 
and in combination with biotin and 10% of dehydrated alfalfa 
meal to the basal ration was investigated. When alfalfa meal 
was added to the basal ration the amount of casein was lowered 
so that the total protein content of the ration was the same 


TABLE 1 

The effect of sulfasuxidine (8) on the folic acid (FA), anti-pernicious anemia 
liver extract (APLE), and biotin (B) needs of the pig 


RATIO NT FED 

BASAL 
ONLY 1 

BASAL + 
S 2 

BASAL + 

S + FA 3 

BASAL + 

S + APLE 4 

BASAL + 

S +■ FA + B 5 

BASAL + 
10% 
ALFALFA 

Lot number 

I 

II 

III 

IV 

V 

VI 

Number of pigs 8 

3 

3 

4 

4 

4 

4 

Av. daily gain (lbs.) 
Av. daily feed 

0.72 

0.61 

0.65 

0.67 

0.71 

0.70 

consumption (lbs.) 
Lbs. of feed per 

1.34 

1.34 

1.35 

1.37 

1.36 

1.36 

lb. of gain 

1.87 

2.20 

2.10 

2.04 

1.91 

1.96 


1 Basal ration contained 6 B-complex vitamins (thiamine, riboflavin, niacin, 
pyridoxine, pantothenic acid and choline). 

3 Sulfasuxidine fed at a level of 2% of the ration. 

3 Crystalline folic acid was fed in both lots at a level of 50 fig per 100 gm of feed. 

4 Injected intramuscularly, in the gluteal muscle, every second day. It was in- 
jected at the rate of 0.1 ml daily (1 U.S.P. injectable unit). 

5 Biotin was fed at a level of 20 /*g per 100 gm of feed. 

6 These pigs were 6 weeks old and averaged approximately 24 lbs. in weight at 
initiation of this 13-week trial. 


as the basal ration. During the second phase (8 weeks) the 
effect of a crude folic acid antagonist 5 preparation on the 
need for folic acid by the pig was studied. 

The purified basal ration used in this experiment was the 
same as that reported previously by Heinemann, Ensminger, 

4 ‘ ‘ Befined Solution Liver Extract, Parenteral 7 7 used for treatment of human 
pernicious anemia. Made from pork. Supplied by Dr. T. H. J ukes, Lederle Labora- 
tories, Pearl Biver, 1ST. T. 

"The crude folic acid antagonist (batch N67) was obtained from Dr. T. H. 
Jukes, Lederle Laboratories, Pearl Biver, N. Y. 



The effect of sulfasuxidine (S) and crude folic acid antagonist (ANT) on the folic acid (FA), anti-pernicious anemia liver 

extract (ABLE), and biotin (B) needs of the pig 
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Cunha and McCulloch (’46). The ration consisted of casein 8 
26.1%, sucrose 57.7%, lard 11%, and mineral mis 7 5.2%. 
"Water soluble vitamins were fed (in mg per kg of live weight 
per day) as follows : thiamine 0.52, riboflavin 0.12, niacin 1.20, 
pantothenic acid 0.50, pyridosine 0.20, and choline chloride 
10.00; fat soluble vitamins were supplied (per pig daily) as 
follows : vitamin A, 5,000 I.U., vitamin E, 57 mg, vitamin K, 
2 mg, vitamin C, 50 mg, and vitamin D, 700 I.U. 

A modification of the “paired feeding technique” (Mitchell 
and Beadles, ’30) was used in order to maintain the same 
feed intake by all pigs fed purified rations. Thus, the feed 
intake of the pigs was limited to the amount consumed by 
the pig with the least appetite — with the vitamins and the 
sulfonamide studied being the only variables among the lots 
of pigs. Later in the experiment as the appetite varied so 
much between lots of pigs, the paired feeding technique was 
altered. The pigs were fed in individual feeding stalls. To 
prevent coprophagy the pigs were kept on raised floors which 
were washed twice daily. At no time during the experiment 
was any evidence of coprophagy observed. 

To prevent rancidity and subsequent destruction of vita- 
mins, the purified ration was mixed every third day and kept 
in an ice box. All vitamin solutions were stored under refrig- 
eration. The required amount of the vitamins fed each pig 
was measured in calibrated pipettes and placed on top of the 
ration every other day (every fourth feeding) just before 
feeding time. 

Each pig was bled weekly from the marginal ear vein. The 
blood examined was for hemoglobin, erythrocyte, leucocyte, 
and differential cell counts as well as reticulocytes. 

Pipettes were filled from the flowing blood on the ear. 
Smears were prepared from the same source, the stagnant 
blood being wiped away as it gathered. Hemoglobin was de- 
termined according to the method of Evelyn (’36). Leuco- 

6 Vitamin Test Casein GBI, manufactured by General Bioehemieals, Inc., Chagrin 
Falls, Ohio. Alcohol extracted. 

7 Same as used by Wintrobe (’39), and as modified by Heinemann et al. (’46). 
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cytes were counted in 2 % acetic acid diluent tinted with 
gentian violet. Erythrocytes were diluted with Hayem’s 
solution. Smears from differential leucocyte counts were 
stained with Wright’s stain and 200 cells were examined. 
Reticulocyte smears were stained with brilliant cresyl blue 
and counter-stained with Wright’s stain. 

HESULTS AND DISCUSSION 

The data in table 1, during the first 13-week trial, show that 
no beneficial effect on growth or efficiency of feed utilization 
was obtained when the anti-pernicious anemia liver extract, 
or folic acid alone and in combination with biotin, was added 
to a purified ration containing sulfasuxidine. The addition 
of 10% dehydrated alfalfa meal to the purified basal ration 
resulted in no beneficial effect on growth or efficiency of feed 
utilization. 

In lots III and IY where folic acid and the anti-pernicious 
anemia liver extract were fed, biotin deficiency symptoms 
showed up 2 weeks earlier ( after 5 weeks on experiment) than 
in lot II where the pigs were fed the basal ration plus sulfa- 
suxidine. The biotin deficiency symptoms obtained were simi- 
lar to those described by Lindley and Cunha (’46) and 
Cunha et al. (’46). The pigs in lots III and IY developed 
much more severe biotin deficiency symptoms than the pigs 
in lot II. Apparently, the addition of either folic acid or the 
anti-pernicious anemia liver extract to the basal ration plus 
sulfasuxidine caused biotin deficiency symptoms to appear 
sooner and to develop much more severely (fig. 1). This may 
have been caused by some vitamin imbalance. Suggestions of 
a vitamin imbalance were obtained by Cunha et al. with rats 
( ’43), with sows ( ’44), and young pigs ( ’47), and by Richards 
with rats ( ’45). No biotin deficiency symptoms were obtained 
in lots I, Y, and YI. 

In both phases of this experiment, occasional scouring, char- 
acterized by grayish feces, was obtained in all lots of pigs 
fed the purified ration except for the pigs fed the basal ration 
+ 10% alfalfa which was fed only during the first phase. The 



FOLIC ACID AND BIOTIN FOE PIG 


221 


scouring usually lasted from 36 to 48 hours and did not seem 
to have any effect on appetite. Similar scours were prevented 
last year by including sulfathalidine in the ration at a 0.5% 
level (Cunha et al., ’47). However, sulfasuxidine at the level 
fed in this experiment did not prevent the scouring which 
occasionally occurs with the basal ration used. 



Fig. 1 During tlie first 13 weeks on experiment, the pig on the right was fed 
the basal ration -J- sulfasuxidine + folic acid. The pig on the left was fed the 
same ration but without folic acid. This picture illustrates the effect of folic acid 
in increasing the pig’s need for biotin as shown by the pig on the right exhibiting 
severe biotin deficiency symptoms. Similar results in increasing biotin needs for 
the pig were obtained when an anti-pernicious anemia liver extract was added to 
the basal ration + sulfasuxidine. 


The data given in table 2 show the results obtained during 
the second phase of the experiment which lasted for 8 weeks. 
The detrimental effect of feeding sulfasuxidine over a long 
period of time is evidenced by the decreased growth rate and 
increased feed required per pound of gain. The addition of 
a crude folic acid antagonist preparation to the basal ration 
plus sulfasuxidine did not lower gains or efficiency of feed 
utilization as compared with the feeding of sulfasuxidine 
alone. However, the addition of a crude folic acid antagonist 
preparation to the pigs fed the same ration (basal + sulfa- 
suxidine + folic acid — lot IIIB ) , the anti-pernicious anemia 
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liver preparation (lot IVB) and folic acid plus biotin (lot VB) 
proved to be quite effective in decreasing growth and effici- 
ency of feed utilization. The pigs in lot I (basal) maintained 
approximately the same average daily gains throughout both 
phases of the experiment. During the second phase of this 
experiment the average daily gain of the pigs in lot IIA (basal 

sulfasuxidine) was lower than that of the first phase by 
0.20 pound. One pig in lot IIIB died 21 days after being fed 
the crude folic acid antagonist. On necropsy the pig showed 
the following gross pathology : spleen slightly enlarged, some 
renal hyperemia, and very extensive bronchopneumonia. The 
average daily weight loss of this lot of pigs was 0.19 pound. 
One pig in lot IVB died 3 days after being fed the folic acid 
antagonist. On necropsy this pig showed the following gross 
pathology: gross hemorrhage (whole blood) in both lungs, 
and peripheral infiltration of blood in spleen with swelling. 
The other pig in this lot gained only 2 pounds during the 8 
weeks on this trial, or made an average daily gain of only 
0.04 pound. It is difficult to state whether or not the deaths 
were due to the folic acid antagonist. However, the 2 pigs 
which died were the only death losses occurring during the 
experiment. Some deaths were reported in rats by Franklin 
et al. (’47) when this same crude folic acid antagonist was 
fed and insufficient folic acid was given. 

In lot VA (basal + sulfasuxidine + folic acid + biotin) the 
gains were approximately equal to those of the pigs on the 
basal ration, showing that a combination of folic acid and 
biotin was effective in making up the decrease in growth 
caused by feeding sulfasuxidine in the ration, a finding in line 
with similar work obtained with the rat by Nielsen and Elveh- 
jem (’42). The pigs in lot VB fed the same ration plus the 
folic acid antagonist gained at a slower rate than the pigs in 
lot VA. However, their average daily gains were greater 
than those of all lots of pigs except lots I and VA. 

The biotin deficiency symptoms became much more pro- 
nounced during this second phase of the trial. The pigs in lot 
I did not, ho-wever, display any signs of a biotin deficiency. 
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Their hair coat was smooth and there were no cracks in their 
feet. The pig in lot IIA (basal + sulfasuxidine) developed 
some cracks in his feet and there was some hair loss on the 
lower and posterior hams. This showed that feeding sulfa- 
suxidine over a long period of time will result in the appear- 
ance of slight symptoms of biotin deficiency. The pigs in lot 
IIB (basal + sulfasuxidine + antagonist) had only slight 
cracks in their feet, but their hair loss was slightly more pro- 
nounced with a dark exudate on the skin of 1 of these pigs. 
The pigs in lot IIIA (basal + sulfasuxidine + folic acid) dis- 
played very severe biotin deficiency symptoms. Their feet 
were badly cracked and their hair coat was quite rough, the 
hair being sparse, over the body and none was left on the 
hams. The pigs also had a small amount of brownish exudate 
throughout the surface of their body. The 1 pig still alive at 
the end of this trial in lot IIIB (basal + sulfasuxidine + folic 
acid + antagonist) had such badly cracked feet that it could 
hardly walk. The feet bled quite easily. The hair coat was 
rough, sparse and thin on the back and lower hams and the skin 
was covered with a dark exudate. The pigs in lot IYA (basal -+- 
sulfasuxidine + anti-pernicious anemia liver extract) also had 
badly cracked feet and walked with difficulty. Their hair coat 
was also rough. The hair on 1 pig was quite thin all over the 
body. Both pigs in this lot had a dark exudate on their skins. 
The 1 surviving pig in lot IVB (basal + sulfasuxidine -f- anti- 
pernicious anemia liver extract + antagonist) also had badly 
cracked feet. The results obtained during the second phase 
of this trial are in line with those in the first trial where the 
addition to the basal ration + sulfasuxidine of either folic 
acid or the anti-pernicious anemia' liver extract increased the 
pigs’ needs for biotin since the pigs exhibited very much more 
severe biotin deficiency symptoms. This is of considerable 
interest since it may suggest a possible need for biotin by 
human patients treated with folic acid or the anti-pernicious 
anemia liver extract. This statement takes on added signifi- 
cance due to the report of Heinle and Welch (’47) suggesting 
that the possibility needs to be considered that folic acid not 
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only fails to prevent but actually may precipitate neurologic 
relapse in some patients with pernicious anemia. At this 
station a spasticity of the hind legs has continually been ob- 
served in pigs with a biotin deficiency. 

STUDIES OF THE BLOOD 

The data contained in table 3 summarizes the results ob- 
tained in the blood studies with pigs during* both phases of 
the experiment. 

The data show that the basal ration, after being fed for 21 
weeks, is not adequate for hemopoiesis in the pig. Red blood 
cell formation was more adversely affected than hemoglobin 
formation. A slight hypercliromic anemia developed. On the 
basis of these data and those obtained by Cunha et al. (’47) 
where folic acid stimulated hemoglobin formation with the 
same basal ration, it is recommended that folic acid be added 
to the basal ration containing the 6 B-complex vitamins. Of 
interest is the finding that adding alfalfa to the basal ration 
stimulated hemopoiesis to about the same extent as folic acid. 
Since alfalfa is a good source of folic acid, it may be that a 
good deal or all of the response is due to the folic acid in this 
plant. 

The addition of sulfasuxidine to the basal ration for 21 
weeks resulted in a moderate anemia being produced. Folic 
acid was very effective in preventing this anemia. It was 
more effective than the anti-pernicious anemia liver extract 
in preventing the anemia and in stimulating hemoglobin and 
red blood cell formation when sulfasuxidine alone was added 
to the basal ration. However, it must be realized that only 1 
level of the anti-pernicious anemia liver extract was tried 
and that possibly a higher level may have given different 
results. A combination of folic acid and biotin was no better 
than folic acid alone in stimulating hemoglobin and red blood 
cell formation when sulfasuxidine was added to the basal 
ration. 

The addition of a crude folic acid antagonist to the basal 
ration + sulfasuxidine resulted in a more severe anemia be- 



Blood picture of the pigs: hemoglobin (JIB), erythrocytes (BBC) and leucocytes (WBC) 
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VI Basal + 10% 

alfalfa meal 12.87 6.49 19.8 1.12 

1 Average figures indicate an average value obtained from all determinations conducted weekly. 

3 The color index is based on the low point in Hb and RBC during second phase of experiment, except in lot VI where the data 
from the first phase were used. 
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ing produced tlian when the sulfasuxidine alone was added to 
the basal ration. Folic acid was only slightly effective in pre- 
venting the effect of the antagonist, probably because it was 
not fed at a high enough level. When folic acid was fed in 
high enough levels it was able to counteract the effect of the 
same crude folic acid antagonist with the rat as showu by 
Franklin et al. (’47). The anti-pernicious anemia liver ex- 
tract was not as effective as folic acid (at the level both were 
fed) in stimulating hemoglobin and red blood cell formation 
when the crude folic acid antagonist was added to the basal 
ration + sulfasuxidine. Of interest is the finding that a com- 
bination of biotin and folic acid was more effective than folic 
acid alone in stimulating red blood cell and hemoglobin for- 
mation when the crude folic acid antagonist was fed. 

The number of red blood cells closely followed the level of 
hemoglobin in the blood. A nonnocytic anemia was produced 
in the pig which was prevented by folic acid, and to a lesser 
extent by an anti-pernicious anemia liver extract when sulfa- 
suxidine was added to the basal ration. This is similar to 
the type of anemia produced by Cartwright et al. ( ’46) with 
the pig fed sulfasuxidine, which was cured with.a liver extract. 
Differences in diets fed and the fact that it takes a long time 
for sulfasuxidine feeding to result in the development of 
anemia in the pig may account for the finding of Welch et al. 
(’47) that they were unable, by feeding sulfasuxidine to the 
pig, to produce an anemia, such as is reported in this paper 
and previously by Cartwright et al. ( ’46). 

No leukopenia or decrease in granulocytes below normal oc- 
curred by adding sulfasuxidine or the crude folic acid an- 
tagonist to the basal ration. All pigs in lots III and IV 
showed some increase in granulocytes above the level obtained 
with the pigs in lot II. However, all the pigs in lot V showed 
very nearly the same level of granulocytes as occurred with 
the pigs in lot II. Where the granulocytes increased in the 
pigs in lots III and IV, there was a slight decrease in 
agranulocytes. 
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The use of the antagonist in lot IYB resulted in a definite 
hypochromic anemia. It is difficult to state definitely whether 
a folic acid deficiency results in a hypochromic or hyperchronic 
anemia since no hypochromic anemia developed when sulfa- 
suxidine alone was added to the basal ration. This statement 
also needs to be qualified by stating that the color index used 
is based on 12.5 gm of hemoglobin and 7,000,000 BBC being 
regarded as near normal. If other values for “normal” were 
used, then the color index figures might be different and dif- 
ferent conclusions might be drawn. On the other hand, if the 
color index in lot VI is taken as near normal, then a slight 
hypochromic anemia may have developed due to a folic acid 
deficiency. Anisocytosis was observed in all lots of pigs. 

SUMMARY AND CONCLUSIONS 

The basal ration, fed for 21 weeks, was inadequate for 
hematopoiesis in the pig. It is recommended that folic acid be 
added to the basal ration (containing 6 B-complex vitamins — 
thiamine, riboflavin, niacin, pyridoxin e, pantothenic acid, and 
choline) when it is used in studying the effects of other vita- 
mins in the pig. 

The addition of 10% dehydrated alfalfa meal to the basal 
ration, for a 13-week period, was of no benefit on growth or 
efficiency of feed utilization. However, it was beneficial to 
about the same extent as folic acid, in stimulating hemoglobin 
and red blood cell formation. 

The addition of folic acid or the anti-pernicious anemia 
liver extract to the basal ration -f- sulfasuxidine resulted in an 
increased need for biotin since biotin deficiency symptoms 
showed up 2 weeks earlier and developed very much more 
severely than when only sulfasuxidine was added to the basal 
ration. This may have been caused by some vitamin imbalance. 
This might suggest the possibility of biotin therapy being 
needed for human patients being treated with folic acid or the 
anti-pernicious anemia liver extract. Sulfasuxidine feeding 
for 21 weeks resulted in the development of only slight symp- 
toms of biotin deficiency. 



228 


CUNHA, COLBY, BUSTAD AND BONE 


A normocytic anemia was produced in the pig by adding 
sulfasuxidine for 21 weeks, to the basal ration. The anemia 
was prevented by folic acid and to a lesser extent by an anti- 
pernicious anemia liver extract (at levels both were fed). A 
more severe anemia was produced by using a crude folic acid 
antagonist. A combination of biotin and folic acid was more 
effective than folic acid alone in counteracting the effect of 
the crude folic acid antagonist. 

The effect of sulfasuxidine, over a long period of time, in 
decreasing gains and efficiency of feed utilization was counter- 
acted almost entirely by a combination of folic acid and biotin. 
However, sulfasuxidine did not affect gains or efficiency of 
feed utilization during the first 6 weeks the pigs wore on ex- 
periment ; neither did it affect hemoglobin or erythrocyte for- 
mation during the first 13 weeks on experiment. This indicates 
that sulfasuxidine can be used therapeutically, at levels fed in 
this experiment, for a considerable length of time without any 
visible injurious effect on the pig. 

The anti-pernicious anemia liver extract had no effect (at 
level fed) in stimulating hemoglobin or erythrocyte formation 
when the crude folic acid antagonist was added to the basal 
ration -f- sulfasuxidine. 
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Processing does at times have a marked effect on the nu- 
tritive value of dietary proteins. Heating certain proteins 
may reduce the nutritive quality presumably due to the for- 
mation of new linkages resistant to enzymatic digestion 
(Block et al., ’46; Eldred and Rodney, ’46), whereas, moder- 
ate heating of other proteins like soybean may increase the 
nutritive value presumably through facilitating subsequent 
liberation of methionine during the digestive process (Mel- 
nick, Oser and Weiss, ’46). 

The latter observation, then, raises the question whether 
or not preliminary enzymatic digestion, before feeding, will 
alter the rate of absorption of certain of the contained amino 
acids and thereby change the nutritive value. The data avail- 
able favor the view that the hydrolysis of a protein reduces, 
rather than enhances, the nutritive value by destroying some 
essential constituents. Miller, Robscheit-Robbins and Whipple 
(’47), for example, suggest that some unidentified substances 
present in the dietary proteins and absent in mixtures of 
amino acids are responsible for maintenance of weight in 
depleted dogs. These unidentified factors may be similar to 
those reported by Womack and Rose (’46) who have pre- 
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sented evidence that protein may contain substances which are 
required for maximum increases in weight, substances not 
found in amino acid mixtures or certain protein digests. The 
recent work of Woolley (’41, ’46) demonstrates that one or 
more essential peptides may be furnished by the intact pro- 
tein and not by a complete hydrolysate, and the absence of 
these may lower the nutritive value of the hydrolysate. 

It was for these reasons that the relationship between the 
degree of enzymatic hydrolysis and the nutritive value of a 
protein was studied. The experiment reported here was un- 
dertaken to determine the effect of enzymatic predigestion of 
casein on the nutritive value of the protein. Casein was se- 
lected for this study because (a) of the ease of its digestion 
by pancreatic enzymes and (b) of its high nutritive proper- 
ties which have been carefully characterized. Digestive en- 
zymes were used to catalyze hydrolysis simulating the type of 
digestion which takes place in the intestinal tract. The 
amount of enzyme used was small enough so that supplemen- 
tation of casein with enzyme protein was not an important 
factor. Hydrolysates in which 18, 38 and 59% of the amino 
acids were liberated, were prepared. The nutritive values of 
casein and these 3 hydrolysates were then determined by 
measuring their nitrogen balance indexes in adult dogs and 
their protein efficiencies in rats. 

THE ENZYMATIC STUDIES 

In order to minimize a supplementation effect due to the 
addition of enzyme amino acids, the enzymes of crude ex- 
tracts of beef or hog pancreas were fractionated and the 
enzymes activated. The procedure utilized is given below. 

Purification and activation of tryptic enzymes 

One hundred and fifty grams of freshly ground beef or hog 
pancreas were extracted in a Waring Blendor for 5 minutes 
with 290 ml of water and 12.5 ml of 6 N H 2 S0 4 . The pH of the 
suspension was raised to 4.2 with 10 ml of 6 N NaOH, and the 
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mixture was filtered. In order to activate the enzyme the pH 
of the filtrate was raised to about 7.8 and kept at 0°C. (ice 
water mixture) for approximately 72 hours. This affected 
an increase in enzyme activity from 17 1 to approximately 
770 units per milliliter and 550 units per milligram of nitro- 
gen. The time necessary for activation can be reduced if 
a sample of previously activated enzyme solution is added in 
an amount equivalent to 5% of the total enzyme activity. A 
further purification is possible through precipitation of en- 
zyme at 0°C. with ethyl alcohol (70%). The unit activity of 
such alcohol-precipitated enzyme is about 1700 units per milli- 
gram nitrogen instead of 550. Crystalline trypsin and cry- 
stalline ehymotrypsin contain 800 and 1700 units per 
milligram nitrogen, respectively, according to the test method 
utilized. 


Preparation of carl) oxy peptidase 

Crystalline carboxypeptidases were prepared according to 
the procedure described by Anson (’37). 

Preparation of casein hydrolysate solutions 

(1) 18% Hydrolysis. The procedure for digestion is briefly 
as follows : Eight hundred grams of crude edible casein were 
suspended in 8 1 of distilled water and enough sodium hy- 
droxide (approximately 104 ml of 4 N NaOH) added to bring 
the pH of the solution to about 7.6. Five grams of the purified 
tryptic enzymes were added to the solution and the digest 
kept at 55°C. Aliquots were taken periodically to follow the 
course of digestion, using the increase of amino nitrogen by 
formol titration as a criterion. It was found that the digestion 
reached a maximum of 18% in less than 24 hours. Further 
addition of purified enzyme at this point did not materially 

3 One unit of tryptic activity is defined as the mount of enzyme which will 
digest 1 ml of 0.25% casein solution at pH 7.6 and 37.5°C. to the extent of 50% 
in 15 minutes. The details of the method will be published in the J. Gen. Phy- 
siology, 194S (13. F. Chow and M. W. Peticolas). 
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increase digestion. After maximum digestion, the whole sus- 
pension was lyophilyzed without filtering in order to include 
in the final preparation all essential amino acids and/or ac- 
cessory growth factor. The solid material (about 900 gm) 
was used for biological and chemical analysis. The material 
contained 13.2% total nitrogen, of which 18% was amino 
nitrogen by the ninhydrin method. 

(2) 40 fo Hydrolysis. In order to obtain a 40% hydrolysis, 
a highly purified carboxypeptidase was added to the 18% 
casein hydrolysate as prepared under (1). Approximately 3 
gm of purified carboxypeptidase were added to each 800 gm 
of the 18% hydrolysate. The degree of digestion is also 
followed by the formol titration, and after maximal digestion 
the suspension was lyophilyzed. The solid material was found 
to contain 13.5% nitrogen, 40% of which was alpha amino 
nitrogen by the ninhydrin method. 

(3) 60 % Hydrolysis. A solution of 800 gm of crude casein 
was made in the usual manner. Four grams of purified hog 
pancreatic extract which contained, besides the tryptic en- 
zymes and earboxypeptidases, amino polypeptidase were 
added and the digestion was allowed to proceed at 55°0. for 
48 hours ; the mixture was then lyophilyzed. The dry powder 
was found to contain 13.5% total nitrogen, of which 60% 
was alpha amino nitrogen by the ninhydrin method. 

THE BIOLIOGICAL ASSAYS 

Protein efficiencies in rats were determined by the Osborne- 
Mendel method (’26). Fifteen rats were used for each test 
hydrolysate at the following nitrogen levels in the diet: 1.1%, 
1.4% and 1.7%. The nitrogen balance indexes in dogs (K) 
were calculated according to the following equation : 

NB =K(AN)+NE„ 

where FB is nitrogen balance, AN is absorbed nitrogen and 
NE 0 is the excretion of nitrogen on a protein-free diet (Alli- 
son, Anderson and Seeley, ’46). Seven dogs were fed a pro- 
tein-free diet for 8 days. The urine and feces samples were 
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collected tlie last 3 days to determine NE 0 . Each dog was 
then fed the casein sample at a level of approximately 0.15 gm 
nitrogen per kilogram body weight per day for 8 days. The 
first 2 days were an adjustment period after which two 3-day 
urine samples were collected. Each dog returned to the 
protein-free diet for 5 days with a 2-day adjustment period 
and a 3-day urine and feces collection period. Thus, duplicate 
measurements were made on each dog with an NE 0 associated 
with each sample. These same dogs were then returned to the 
stock laboratory diet for 2 to 3 weeks and used for another 
test. 



Fig. 1 Urinary nitrogen excretion in dogs fed casein nitrogen against ex- 
cretion of nitrogen on a protein-free diet. 


Previous studies have demonstrated that if absorbed ni- 
trogen (AN) from any one protein is constant, the following 
relationship should hold : 

UN = UNo - C 

where UN is the urinary nitrogen excretion during nitrogen 
feeding and UNo is the urinary nitrogen excretion while the 
dogs are receiving a protein-free diet (Allison, Seeley and 
Ferguson, ’47). The value of C is a constant equal to (1— K) 
(AN) where K is the nitrogen balance index. On the other 
hand, if there has been some shift in the physiological state 
of the dog, the values for K will no longer be constant. Data 
obtained while feeding casein to the dogs in the studies re- 
ported here are illustrated in figure 1. The relationship 
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between UN and UNo is linear with a slope of unity. The 
constant C is equal to 1.1, and AN is 3.45 gm/day/sq. M. The 
nitrogen balance index K is equal therefore to 0.68. 

Average values for nitrogen balance indexes for casein 
and for the hydrolysates fed to dogs are recorded in table 1, 
together with the protein efficiency measurements in the rats. 
The data demonstrate that predigestion of casein with the 
enzymes does not alter the utilization of the nitrogen as 
measured by balance indexes and protein efficiencies. These 
results can be interpreted to mean that hydrolysis did not 


TABLE 1 

The effect of degree of hydrolysis on the nutritive properties of casein 


DEGREE OP 
HYDROLYSIS 

digestibility 

IN DOGS 

NITROGEN 

BALANCE 

INDEX 

IN DOGS 

PROTEIN 
EFFICIENCY 
IN RATS 

STREPOGENIN CONTENT 

Actual Potential 

% 

% 



Fnits/ gram 

0 

98 ± 0.8 .(7) 1 

0.68 ± 0.05 

2.3 (15) 1 

0 5 

18 

98 ±1.0 (7) 1 

0.67 ± 0.04 

2.2 (15) 1 

1 5.5 

38 

98 ±1.0 (7) 1 

0.67 ± 0.05 


5 5.5 

53 

97 ± 1.8 (7) 1 

0.69 ± 0.08 


5 5 

59 

95 ± 1.7 (6) 1 

0.68 ± 0.06 

2.4 (14) 1 

5 5 


1 The number inside the parentheses indicates the number of animals used for 
each determination. 


change the nutritive value of the protein. It should be em- 
phasized that ingested casein is rapidly digested by enzymes 
of the gastro-intestinal tract so that no matter what the pre- 
liminary hydrolysis may have been, the liberation of essential 
amino acids in the gut may be from whole protein and from 
an hydrolysate quite similar. 

DISCUSSION 

These observations do not rule out the possibility that com- 
plete hydrolysis of casein would alter the retention of nitrogen 
in the animal by changing the pattern of amino acid absorbed. 
It is commonly reported and assumed that complete hydrolysis 
reduces the biological value of a nitrogen source (Supplee and 
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Clark, ’46). These reports are based, however, on feeding, hy- 
drolysates made with acid or by feeding mixtures of amino 
acids. Acid hydrolysis destroys tryptophane and possibly other 
amino acids which must be restored, and restorations may not 
always be adequate. Furthermore, the lower biological values 
observed during the feeding of amino acid mixtures may be 
associated with the presence of unnatural isomers (Albanese 
and Irby, ’43; Murlin et al., ’46). Cannon et al. (’46), on the 
other hand, found that a mixture of 16 amino acids pat- 
terned after casein produced gains in protein-depleted rats 
equivalent to that yielded by casein itself. Under the condi- 
tions of the experiments reported here, however, the hydroly- 
sates reached the gut with certain polypeptides intact, making 
possible their absorption or their hydrolysis by peptidases in 
the normal manner. The potential strepogenin content of the 
casein, for example, was not altered by the enzymatic hy- 
drolyses (see table 1). Thus it would appear that enzymatic 
hydrolysates, at least of casein, prepared according to methods 
described in this paper, retain the nutritive properties of the 
parent protein. 


SUMMARY 

Casein was hydrolyzed to different degrees (18%, 40%, 
60%) through the selective use of pancreatic enzymes under 
conditions which minimize any destruction of amino acid 
patterns. It was found that the nitrogen balance indexes and 
the protein efficiency values of the hydrolysates remained es- 
sentially identical with those of the undigested protein. 
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Woolley ( ’41) reported that strepogenin, a growth nutrient 
present in casein, is liberated by the digestion with trypsin hut 
not with pepsin, although the latter carries the hydrolysis to 
a greater extent. These results led to the suggestion that the 
position of cleavage of the protein molecule may he a more 
important factor in determining the nutritive value of a hydro- 
lysate than the degree of hydrolysis. The stepwise hydrolysis 
of casein (Chow, Allison and White, ’48) by purified pan- 
creatic enzymes did not alter the nitrogen balance indexes 
or the protein efficiencies of hydrolysates as compared to the 
undigested protein. However, hydrolysis at different positions 
would yield peptides with different amino acid patterns. This 
can be done by using enzymes which are not present in the 
digestive tracts of mammalian experimental animals. This 
plan was utilized in order to determine whether such prediges- 
tion would affect the nutritive value of the resulting hydro- 
lysate. 

1 The author acknowledges the technical assistance of Claire Federbush and 
Harry Slocum in the nitrogen balance determinations. 
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EXPERIMENTAL = 

( 1 ) Enzymes used 

Two commercially available enzymes (Rhozyme P-11 3 iso- 
lated from fungus and Protease 15 4 isolated from bacteria) 
were chosen for this study because they were found to split 
the protein chain of the casein molecule at different positions. 

(2) Digestion of casein 

The procedure for digestion was as follows : Eight hundred 
grams crude edible casein 5 were suspended in 8 1 of distilled 
water and enough sodium hydroxide (approximately 104 ml 
of 4 N NaOH) added with efficient stirring to bring the pH 
of the solution to about 7.6. Ten grams of the enzyme powder, 
either Protease 15 or Rhozyme P-11, containing approximately 
6 % nitrogen were then added to the solution incubated at 
37 °0. An additional portion of the enzyme (2.5 gm) was 
added on the third day and the digestion was allowed to con- 
tinue for 4 additional days. Aliquots were taken periodically 
to follow the course of the digestion with the formol titration 
method. After the maximal digestion, the whole suspension 
was lyophilyzed, in order to minimize the loss of essential 
amino acids or growth factors that might be contained in an 
insoluble residue. The yield of the hydrolysate was 850 gm. 

(3) Determination of nitrogen balance index 

The procedure for the determination of nitrogen balance 
index is essentially that of Allison, Anderson and Seeley 
(’46) and has been described in detail in the preceding paper. 

a The author acknowledges the technical assistance of Lois Barrows for the 
preparations of hydrolysates. 

3 Rhozyme P-11 obtainable from Rohm and Haas Company, Philadelphia, Pa. 

4 Protease 15 obtainable from Rohm and Haas Company, Philadelphia, Pa. 

6 The Borden Company, New York City, N. Y. 
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RESULTS 

( 1) Hydrolysis of casein by different enzymes 

If 2 enzymes have sufficient specificity to attack a protein 
molecule at different points, the addition of the second en- 
zyme to the protein solution previously digested to comple- 
tion hy the first enzyme, should cause a demonstrable further 



Hours of Incubation 

Fig. 1 The effect of addition of Rhozyme P-11 (curve 3) and of Protease 15 
(curve 2) on the digestion of a casein previously hydrolyzed by purified pan- 
creatic enzymes (curve 1). 


digestion. The same situation should obtain if one reverses 
the order of addition of enzyme. This increase can be most 
conveniently followed by the formol titration method which 
was used to demonstrate that the 2 proteolytic enzymes iso- 
lated from bacterial or fungal origins split casein at different 
parts of the molecule. An example of the experimental data 
which demonstrate this difference is summarized in figure 1. 
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It can be noted in figure 1 that the addition of Protease 15 
or Bhozyme P-11 to casein previously digested with purified 
pancreatic enzymes to the maximum extent of 18% (Chow, 
Allison and "White, ’48),. causes a further increase in alpha 
amino acid nitrogen. Similar curves were obtained upon the 
addition either of purified pancreatic enzymes or of Bhozyme 
P-11 to a casein solution previously digested by Protease 15, 
or upon the addition of either Protease 15 or purified pan- 
creatic enzymes to the Bhozyme digests of casein. 

(2) Determination of nutritive values 
Nitrogen balance index: 

The nutritive values of casein and its hydrolysates were 
determined by measuring their nitrogen balance indexes and 


TABLE 1 

The nitrogen ’balance index of casein and its hydrolysate 


EXPERIMENT 

NUMBER 

SUBSTRATE 

DIGESTION 

NUMBER OP 
ANIMALS 

AVERAGE K ■+■ 
STANDARD ERROR 



% 



1 

Casein 

0.0 

9 

0.77 ± 0.03 

2 

Protease digest 

18 

9 

0.73 ± 0.02 

3 

Rhozyme digest 1 (1) 

40 

7 

0.77 ± 0.03 

4 

Rhozyme digest (2) 

40 

4 

0.79 ± 0.05 

5 

Rhozyme digest (3) 

40 

5 

0.72 ± 0.03 


1 Rhozyme digests (1), (2) and (3) were made on 3 separate batches. 


their protein efficiencies. The former measures the amount 
of a protein or a hydrolysate required for the maintenance 
of nitrogen equilibrium in adult dogs. The latter measures 
the amount of a protein or of a hydrolysate required for the 
normal growth of weaned rats. 

The results of the nitrogen balance studies (see table 1) 
indicate that this sample of casein and its 2 hydrolysates have 
the nitrogen balance indexes of 0.77 (casein), 0.72 to 0.79 
(Bhozyme digest) and 0.73 (Protease digest), respectively. 
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These slight differences are found to be statistically insig- 
nificant (Fisher and Yates, ’43). 6 

For the determination of protein efficiency, 3 groups of 
ten 23-day-old rats were fed casein or one of the hydrolysates 
as the sole source of amino acid nitrogen at the following 
nitrogen levels in the diet; 1.1%, 1.4% and 1.7%. The weights 
of individual animals as well as the food consumption were 
recorded twice a week. The maximum ratios of weight gain 
to food consumed, i.e., protein efficiency, after 3 weeks of 
feeding at 1.4% nitrogen level are 2.2 for casein, 2.0 for 
Rhozyme digest and 2.0 for Protease digest. Therefore, there 
appears to be no significant difference in the growth pro- 
moting properties of the protein or the hydrolysates. 

The failure to demonstrate any difference in nutritive qual- 
ities measured either in terms of nitrogen balance indexes or 
in protein efficiency may be taken to mean a lack of appreciable 
destruction or removal of any limiting essential amino acids 
or polypeptides necessary for maintenance or for growth re- 
quirements either during the digestion or during the lyophil- 
ization of the hydrolysates. It also indicates that the amount 
of nitrogen in the added enzyme was of such a small order 
of magnitude as not to materially change the amino acid pat- 
terns of the hydrolysates. 

The presence of an adequate amount of strepogenin or some 
yet unidentified factor has been shown to be necessary for 
optimal rat growth (Woolley, ’41; Womack and Rose, ’46). 
There were only 2 units of strepogenin 7 per gram of the Pro- 
tease digest, 5 units per gram of the Rhozyme digest and 
none in casein itself. The digestion of casein or Protease di- 

6 It should be pointed out that there is a slight but significant difference in 
the nitrogen balance indexes, reported in this and the preceding paper. They 
were determined on the same sample of casein, but with 2 sets of dogs kept 
in 2 separate laboratories and on different preparatory diets before determination. 
Whether this difference in the index values can be explained on the animal varia- 
tions alone, is still not certain at this time. This, however, does not invalidate 
our conclusions since the comparisons of the protein and its respective hydro- 
lysates were performed on the same set of animals. 

7 The author is indebted to Dr. A. Black, of E. R. Squibb & Sons, for the strep- 
ogenin determinations. 
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gest with trypsin liberated 5 units and 3 additional units, re- 
spectively, but the strepogenin content of the Rhozyme digest 
was not influenced by the same treatment. 

These experiments provide confirmatory evidence that the 
3 enzymes attack different parts of the casein molecule. They 
demonstrate that neither the position, the extent of cleavage of 
the casein molecule, nor the type of enzymes used has influ- 
enced the nutritive properties of the hydrolysate, even though 
in one case the content of the growth factors like strepogenin 
has been liberated but not destroyed. 

SUMMARY 

Casein was digested by Protease 15 and Rhozyme P-11 
under conditions which minimized any change from the orig- 
inal amino acid composition of casein either by the removal or 
destruction of amino acids or by the addition of any signifi- 
cant amounts of amino acids from the enzymes. When fed 
to rats and dogs, the 2 hydrolysates prepared by the digestion 
of casein in neutral medium were found to yield the same nitro- 
gen balance indexes and protein efficiencies as the whole 
protein. 

These results suggest that neither the degree of digestion 
up to 40% nor the mode of attack necessarily affect the nutri- 
tive values of casein hydrolysates, so long as essential amino 
acids and perhaps the growth factors in casein are not de- 
stroyed. 
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INTRODUCTION 

Because of conflicting evidence reported by 2 groups of 
workers, uncertainty exists concerning the role of some of 
the “essential” amino acids for maintenance of the adult 
white rat. Thus, 1 group (Wolf, ’38; Wolf and Corley, ’39) 
has reported that, except for arginine, all the amino acids es- 
sential for growth in young rats are essential, also, for main- 
tenance of nitrogen equilibrium in adult rats. Another group 
using similar animals, rations and techniques (Burroughs, 
Burroughs and Mitchell, ’40) has concluded that only 5 of the 
10 amino acids essential for growth, viz., tryptophane, threo- 
nine, isoleucine, valine and methionine, are essential for main- 
tenance of nitrogen balance in the adult rat. 

1 The research which this paper reports was undertaken in cooperation with 
the Navy Department Office of Naval Research and the Committee on Food Re- 
search of the Quartermaster Food and Container Institute for the armed forces. 
The views or conclusions contained in this report are those of the authors. They 
are not to be construed as necessarily reflecting the views or indorsement of the 
War Department. 

The work has been aided, also, by The National Livestock and Meat Board, The 
Douglas Smith Foundation for Medical Research of The University of Chicago, 
and the Allen B. Wrisley Company. 
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Other workers, however, have found that 8 or 9 of the amino 
acids essential for growth of the rat are also necessary for 
the maintenance of nitrogen equilibrium in the dog (Rose and 
Rice, ’39) and man (Rose et al., ’43). In view of these findings 
one would not expect that 3 of the amino acids essential both 
for growth in the rat and for maintenance of nitrogen balance 
in man or dog, viz., lysine, leucine and phenylalanine, should 
be nonessential for maintenance of nitrogen balance in the 
adult rat. More recently, Neuberger and Webster ( ’45) have 
shown that at least 1 of these, lysine, is essential for the 
maintenance of body weight as well as liver protein and con- 
centration of blood protein in the adult rat. Mitchell (’47) 
has criticized this work because ad libitum feeding was used 
and has suggested that the results may indicate inadequate 
caloric intake rather than the indispensability of lysine. He 
has offered an hypothesis to explain the apparent species 
difference in the essential amino acid requirements for main- 
tenance between man (or the dog) and the rat. Because the 
rat grows at a much faster rate than man or the dog, he 
suggests that this species might retain in maturity a greater 
capacity to synthesize certain of the essential amino acids. 
He believes that this synthesis might be adequate to meet the 
animal’s maintenance needs. 

We undertook this study because of earlier findings in the 
adult protein-depleted rat that, with the exception of ar- 
ginine, all the essential amino acids were necessary for ef- 
fective protein-repletion when fed in a ration adequate in 
other dietary constituents and containing a mixture of puri- 
fied amino acids as the sole source of dietary nitrogen (Fraz- 
ier et al., ’47 ; Benditt et al., ’47). For example, whenever any 
one of the 9 essential amino acids was omitted from the ration 
the animal promptly lost appetite and weight and failed to 
regenerate serum protein or hemoglobin. This trend was 
quickly reversed, however, when the missing amino acid was 
added to the ration. In the following study the response 
of the normal adult rat to certain amino acid deficiencies was 
investigated in a similar manner. In addition, the nitrogen 
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balance technique and force-feeding method were used in 
some experiments. The results indicate that for maintenance 
of the adult male rat all the amino acids now known to be 
essential for growth are required, with the possible excep- 
tion of arginine. 


EXPEBIMENTAL METHODS 

The rations used were patterned after those employed in 
former experiments in this laboratory with protein-depleted 
rats (Frazier et al., ’47). These will be referred to hereafter 
as rations A, B, and C. Ration A contained a mixture of 16 
purified amino acids ; ration B, the 10 essential amino acids ; 
and ration C, the essential amino acids minus arginine (table 
1). For further details concerning composition of the diets, 
sources and purity of the amino acids, and the method of omit- 
ting an amino acid from the ration, the reader is referred to 
Frazier et al. (’47). The quantities of each amino acid con- 
tained in the daily allotment of the basal diets employed by 
Wolf and Corley ( ’39) and Burroughs, Burroughs and Mitch- 
ell ( ’40) are also recorded in table 1 for purposes of 
comparison. It should be noted that the proportions of the 
various amino acids in our rations were modeled after those 
in casein whereas the previous workers used mixtures which 
in most instances contained an amount of each amino acid 
equivalent to 4 mg of nitrogen daily. 

Sixty-three male albino rats, of the Sprague-Dawley strain, 
weighing from 262 to 325 gm, and approximately 5 months 
of age were used. Prior to the beginning of the experiment the 
rats had been fed a ration containing 22% casein (3C), for 
approximately 3 months (Wissler et al., ’45). Before each 
experiment was started initial weights were obtained after a 
12-hour fast. In the experiments in which rations lacking an 
essential amino acid were tested, pairs of rats of comparable 
weights were used, 1 being fed ration A and its partner this 
ration devoid of the amino acid in question. In most in- 
stances both rations were fed for 20 days, during which time 



Amino acid mixtures employed in maintenance experiments 




1 For purposes of calculation of utilizable essential amino acids the d forms of tryptophane, phenylalanine, methionine and histidine have 
been assumed to be utilizable. 

8 The amino acids listed for rations A, B and C represent the quantities in 15 gm of each ration (with the exception of the high fat ration 
where they represent the quantities in 9 gm of Tation) . These figures used with the diet consumption data listed in tables 2 to 5 make it 
iwssible to calculate individual amino acid intakes for any period. 
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the daily food consumption was recorded and the rats were 
weighed at fixed intervals. In some experiments the rations 
were interchanged at the end of the 20-day period so that the 
rat which had received the deficient ration was offered the 
complete one, and vice versa, for an additional 10 days. When 
nitrogen balances were determined, however, it was always 
during the first 14 days of the feeding period. 

Nitrogen balance determinations 

Two consecutive 7-day nitrogen balances measured for each 
rat receiving an amino acid ration served as mutual cheeks. 
In each instance these were preceded by a preliminary col- 
lection period of 7 days during which the animal was fed a 
casein ration which furnished 216 mg of nitrogen daily (Fraz- 
ier et al., ’47). TJrine for each period was collected on filter 
paper impregnated with boric acid. Feces and waste food 
(the latter usually minimal) were collected separately each 
day. The boric acid papers were rinsed free of their nitrogen 
with 1% sulfuric acid. Duplicate samples of urine and feces 
were then analyzed for nitrogen by the Kjeldahl method. The 
net nitrogen intake for each period was calculated from the 
nitrogen content of the diet, multiplied by the amount con- 
sumed in 7 days from which the waste food had been sub- 
tracted. The nitrogen output for the week was the sum of the 
urinary and fecal nitrogen. 

Force-feeding method 

In 1 experiment (table 3) force-feeding via stomach tube 
was employed in order to equalize food intakes. The technique 
of Shay and G-ruenstein ( ’46) was used and found to be satis- 
factory. The rats were fed thrice daily at approximately 5- 
hour intervals, using a special high-fat basal diet. This diet 
contained in 9 gm the same quantities of all constituents as 
were contained in 15 gm of ration A, but was concentrated 
by the substitution of fat for a calorically equivalent quantity 
of carbohydrate. In order to avoid any disturbance which 
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might result from overloading the gastrointestinal tract, the 
rats were given only 1.5 gm of ration per feeding the first 
day, 2.0 gm the second day and 3.0 gm the third day and 
thereafter. The ration was carefully weighed before each 
feeding, diluted with a little water and mixed in a small mor- 
tar, and then transferred quantitatively to a 10-ml syringe. 
After each feeding the syringe and stomach tube were rinsed 
with a small quantity of dilute sulfuric acid. At the end of 
the nitrogen balance period this pooled rinse water was 
analyzed for nitrogen and the amount subtracted from the 
dietary intake for the period. 

EXPERIMENTAL FINDINGS 

The role of the “nonessential” amino acids in maintenance 
was first determined in 6 rats (nos. 1-6 table 2), each rat being 
fed over the 20-day period the ration containing only the 
10 essential amino acids (ration B) (Rose, ’38). The results 
show that in every instance food consumption was good, 
weight was maintained, and nitrogen balance, when measured 
(nos. 3, 4, 5 and 6), was strongly positive. Therefore, the 
“nonessential” amino acids may be considered as dispensable, 
also, for maintenance of appetite, weight and nitrogen balance 
in the adult rat. 

Six additional rats (nos. 7-12) were then fed ration C. This 
ration, containing only the 9 essential amino acids, appeared 
in some instances to depress appetite. In 3 of the 6 rats, 
weight losses of from 5 to 20 gm occurred in the 20-day period 
(table 2). However, food consumption with rats 11 and 12 
was satisfactory and these animals maintained strongly pos- 
itive nitrogen balances. In 3 of the 6 rats, moreover, weight 
was maintained or gains were recorded. Evidently, therefore, 
the absence of arginine exerts a somewhat variable effect upon 
weight and appetite. Nevertheless, the results obtained with 
rats 11 and 12 indicate that arginine is not necessary for 
strongly positive nitrogen balance and maintenance of weight 
■when food consumption is satisfactory. Since it previously 
was shown that a lack of arginine did not interfere with weight 
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TABLE 2 

Weight changes and nitrogen balances of adult well-nourished rats fed 
amino acid mixtures 


20 -DAT PERIOD . NITROGEN BALANCE 


ANI- 

MAL 

NO. 

RATION 1 

Wt. 

gain 

or 

loss 

Ration 

eaten 

- 

First 7 days 



Second 7 days 


N in- 
take 

Fecal 

N 

Uri- 

nary 

N 

N 

Bal- 

ance 

N in- 
take 

Fecal 

N 

Uri- 

nary 

N 

N 

Bal- 

ance 



gm 

gm 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

1 

B 

+ 8 

294 









2 

B 

± 0 

298 









3 

B 

+18 

294 

1617 

159 

1308 

+ 150 

1612 

159 

1278 

+ 175 

4 

B 

+u 

295 

1626 

216 

1228 

+182 

1628 

180 

1209 

+239 

5 

B 

+12 

300 

1645 

236 

1275 

+134 

1644 

206 

1304 

+134 

6 

B 

+23 

320 

1637 

260 

1114 

+263 

1637 

270 

1324 

+ 43 

7 

C 

— 12 

257 









8 

0 

—20 

239 









9 

C 

— 5 

288 









10 

c 

— 1 

286 









11 

0 

+26 

269 

1352 

165 

834 

+353 

1253 

212 

716 

+325 

12 

c 

+15 

282 

1348 

178 

861 

+309 

1372 

212 

975 

+185 

13 

A 2 

+14 

294 

1564 

135 

1061 

+368 

1617 

133 

1167 

+317 

14 

— Tryp. 

—54 

280 

1478 

235 

1472 

—229 

1537 

260 

1549 

—274 

15 

A 3 

+ 6 

298 

1617 

181 

1113 

+313 

1617 

159 

1175 

+283 

16 

— Meth. 

—40 

283 

1534 

214 

1550 

—230 

1550 

209 

1530 

—224 

17 

A 4 

+13 

295 

1474 

208 

1170 

+ 96 

1500 

178 

1153 

+169 

18 

— Iso. 

—84 

138 

1068 

101 

1155 

—188 

804 

154 

1132 

—717 

19 

A 5 

+ 9 

296 

1465 

180 

1097 

+188 

1484 

133 

1124 

+227 

20 

— Yal. 

—67 

182 

1006 

121 

1098 

—212 

1055 

228 

1240 

—412 

21 

A 6 

+ 5 

296 

1478 

208 

1078 

+192 

1485 

193 

1207 

+ 85 

22 

— Threo. 

—42 

288 

3460 

235 

1619 

—394 

1473 

220 

1692 

—439 


1 The minus sign preceding the abbreviation of an amino acid indicates that this 
amino acid was omitted from ration A during this period. 

2 Identical with ration A except that it contained IB mg of available tryptophane 
per daily portion. 

3 Identical with ration A except that it contained 35 nig of available methionine 
per daily portion. 

4 Identical with ration A except that it contained 65 mg of available isoleucine 
per daily portion. 

5 Identical with ration A except that it contained 60 mg of available valine per 
daily portion. 

6 Identical with ration A except that it contained 25 mg of available threonine 
per daily portion. 
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gain in the protein-depleted adult rat (Frazier et al., ’47) 
where presumably the needs of tissue synthesis and main- 
tenance must both be met, it would follow that it is not neces- 
sary for maintenance of the adult rat. The low urinary nitro- 
gen output of the animals receiving ration C should receive 
further investigation. 

We then studied the influence of a lack of tryptophane, va- 
line, methionine, isoleucine and threonine, removed singly, 
upon weight, food consumption and nitrogen balance. Five 
pairs of normal adult rats were used with a slightly modified 
ration A serving as a control (see footnotes, tables 2 and 3). 
As can be seen, in every instance the lack of any one of these 
amino acids led to a marked loss of weight, and a negative 
nitrogen balance in each 7-day period. The effect upon food 
consumption, however, was variable. Thus, the rations lack- 
ing tryptophane, methionine and threonine led to less decrease 
in appetite than did those deficient in valine or, especially, 
isoleueine. The results leave little doubt, however, about 
the essentiality of each of these 5 amino acids for maintenance 
of the normal adult male rat, whether one measures main- 
tenance of weight or of nitrogen balance. 

Because lysine, leucine, histidine and phenylalanine were 
considered by Burroughs, Burroughs and Mitchell (’40) as 
non-essential for the maintenance of nitrogen balance, the ef- 
fect of their dietary absence was next determined. The re- 
sults were as follows : A dietary lack of lysine over the 20-day 
period led to a marked loss of weight in 4 rats tested (table 
3), with a variable reduction in food consumption (from 2 to 
26% in comparison with that of ration A). Although nitrogen 
balance was determined in only 1 rat, this was negative 
despite an almost complete consumption of the ration. More- 
over, when the rations were interchanged for an additional 
10-day period, weight losses of 11 and 17 gm were recorded for 
the 2 rats (23D and 24D) receiving the lysine-deficient diet, 
although the food consumption of these 2 animals equalled 
that of the 2 control rats which gained 22 and 14 gm, respec- 
tively, on ration A. When either histidine, leucine or phenyl- 



TABLE 3 

Weight changes and nitrogen balances of adult well-nourished rats fed amino acid mixtures 




1 Tlie minus sign preceding the abbreviation of an amino acid indicates that this amino acid was omitted from ration A during this period. 

2 Identical with ration A except that it contained 20 mg of available lysine per daily portion. 

3 Identical with ration A except that it contained 15 mg of available histidine per daily portion. 

4 Identical with ration A except that it contained 75 mg of available leucine per daily portion. 

5 Identical with ration A except that it contained 80 mg of available phenylalanine per daily portion. 
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alanine was removed singly from ration A, both food con- 
sumption and weight declined; and during this time all ani- 
mals tested were in negative nitrogen balance. When, how- 
ever, the rations were interchanged, there was a prompt re- 
versal in the pattern of food consumption and weight (table 
3 and fig. 1). Thus, although the absence of lysine affected 
appetite and weight loss less severely than did the absence 
of the other 3 essential amino acids, there was little differ- 
ence in the total negative nitrogen balance for the 14-day 
period, whether this was due to a deficiency of lysine, histi- 
dine or leucine. On the other hand, the absence of phenyl- 
alanine resulted in a more severely negative nitrogen balance 
but with less depression of appetite than did the absence 
of either histidine or leucine. 

It is of interest that although a lack of a single essential 
amino acid in the ration affected appetite adversely in the 
well-nourished rat, it did so less severely than in the protein- 
deficient rat (Frazier et al., ’47). Whereas the latter animal’s 
appetite usually deteriorates within a day or two, in the 
normal well-nourished rat this effect may not manifest itself 
for 3 or 4 days (fig. 1). With both types of animal, moreover, 
the least effect upon appetite resulted from a deficiency of 
lysine^ 

In the work of Burroughs, Burroughs and Mitchell, it was 
reported that norleucine could substitute for either leucine 
or lysine, and tyrosine for phenylalanine. In our experiments 
this has not been true (table 4). For example, when norleucine 
was substituted for either leucine or lysine (rats 31S, 36S and 
37S) there v r as a concomitant loss of appetite and weight, the 
weight loss being the same or greater than that of the animals 
fed a diet deficient in either lysine or leucine. The substitu- 
tion of tyrosine for phenylalanine (rat 34S) also failed to pre- 
• vent a loss of "weight, although the weight decrease was some- 
what less than it had been with phenylalanine deficiency alone 
(rat 34D). The latter observation is similar to the findings 
of others in growing rats (Rose and Womack, ’46). 
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Fig. 1 Comparisons of weight changes and diet consumptions in adult normal 
rats fed ration A (AAR) and ration A devoid of 1 amino acid. 
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It is obvious that one cannot evaluate adequately the con- 
sequences of an acute amino acid deficiency until it has been 
shown that a similar effect will also occur with an adequate 
calorie intake. Therefore, experiments were performed in 

TABLE 4 

The effect of substituting norluecine for leucine, norleucine for lysine and tyrosine 
for phenylalanine upon weight and food consumption of normal adult rats 


2 0 -BAY PERIOD 1 0-DAY PERIOD 


ANIMAL - 
NUMBER 

Ration 

Wt. gain 
or loss 

Ration 

eaten 

Ration 

"Wt. gain 
or loss 

Ration 

eaten 

31S « 

' Nor- 
leueine 
for 

gm 

—59 

gm 

207 


gm 

gm 

36C 

^ leucine 

A 

+27 

290 

"Nor- 

leueine 

—17 

137 

370 

A 

+27 

267 

for 

—14 

120 

36S j 

Nor- 

leucine 

— 27 

209 

lysine 

A 

+36 

143 

37S 1 

for 

— 18 

233 

A 

+31 

142 

! 

34S | 

^ lysine 

Tyrosine 

for 

phenyl- 

— 43 

230 





^ alanine 


which the animals were force-fed, by stomach tube, rations 
devoid of lysine, leucine, histidine or phenylalanine (table 5). 
Pairs of rats were fed equal quantities of ration, one re- 
ceiving the high fat ration A and the other this ration devoid 
of the particular amino acid being tested. It is apparent 
(table 5) that the removal of any one of these amino acids 
led to a loss of weight and a negative nitrogen balance, 
despite the comparable intake of all other dietary constitu- 
ents. The negative nitrogen balances in each animal receiv- 
ing a deficient mixture were associated with a substantial rise 
in urinary nitrogen as compared to the preliminary balance 
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period in ■which, the animals consumed equal quantities of 
nitrogen from casein. It is of interest that the rat fed the 
histidine-deficient diet maintained a positive nitrogen balance 
for the first 7-day period but that during the second period it 
showed a net negative nitrogen balance. This is the only evi- 
dence we have obtained which indicates that histidine in the 
rat as in man (Bose et al., ’43) may temporarily, at least, be 
dispensable for nitrogen balance. 

TABLE 5 

Weight changes and nitrogen balance data of adult well-nourished rats force-fed 
amino acid rations for 14 days 




14-day period 



NITROGEN BALANCE 




ANI- 


Wt. 

Ration 

eaten 


First 7 days 



Second 7 days 


NO- 


gain 

or 

loss 1 

N in- 
take 

Uri- 

nary 

N 

Fecal 

N 

N 

Bal- 

ance 

N in- 
take 

Uri- 

nary 

N 

Fecal 

N 

N 

Bal- 

ance 



gm 

gm 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

38 

A 

+ 6 

101.8 

1159 

969 

103 

+ 87 

1348 

1059 

111 

+188 

39 

— Lys. 

—11 

102.0 

1093 

1151 

110 

—168 

1277 

1276 

118 

—117 

40 

A 

+ 6 

107.3 

1171 

944 

114 

+113 

1445 

1007 

106 

+332 

41 

— Leue. 

—30 

101.9 

1121 

1101 

120 

—100 

1306 

1449 

94 

—237 

42 

A 

+15 

102.4 

1172 

780 

110 

+282 

1351 

932 

87 

+332 

43 

—PA 3 

—10 

97.8 

1160 

1110 

110 

— 60 

1326 

1427 

117 

—218 

44 

A 

+15 

102.8 

1168 

885 

124 

+159 

1352 

1004 

91 

+ 257 

45 

— Hist. 

—17 

102.0 

1144 

1006 

97 

+ 41 

1329 

1343 

115 

—129 


1 Since all the animals lost weight during the first 2 days of the experiment in 
which they were being fed small amounts of ration the weight changes are calcu- 
lated for the final 12 days of the experiment when the caloric intake was adequate. 

2 Phenylalanine. 


DISCUSSION 

"What criterion should be used to measure the qualitative 
amino acid needs for maintenance of the adult animal? The 
answer to this question obviously depends upon how one de- 
fines “maintenance.” In our study we have been primarily 
concerned with the maintenance of health, as evidenced by 
the preservation of weight and appetite as well as nitrogen 
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criteria of preservation of appetite and weight as well as 
nitrogen balance. A purified amino acid mixture patterned 
after the composition of casein served as the source of dietary 
nitrogen in the basal ration. The effects upon appetite and 
weight following removal of each of the 9 essential amino 
acids and all of the non-essential amino acids have been ob- 
served, as well as the effects of substituting norleucine for 
leucine or lysine and tyrosine for phenylalanine. When single 
amino acid deficiencies were studied, pairs of comparable 
rats, one receiving the complete ration and one the incomplete, 
were used. In some instances these rations were interchanged 
at the end of the first 20 days and the experiment was con- 
tinued for an additional 10 days. Nitrogen balance deter- 
minations were made in representative animals during the 
first 14 days of the experiment, two 7-day collection periods 
serving as mutual checks. In 1 experiment the force-feeding 
technique was used to equalize the nitrogen and caloric in- 
takes between the deficient and control rats. 

The results may be summarized as follows : 

1. The noi'mal adult rat maintains appetite and weight 
when receiving rations in which only the 10 amino acids es- 
sential for growth are present. 

2. The removal of arginine from this mixture produces a 
variable depression of appetite. "When appetite is maintained, 
weight and a positive nitrogen balance are preserved. 

3. The absence of each of the remaining 9 essential amino 
acids from the basal ration, although producing a variable 
depression in appetite, always leads to weight loss and a neg- 
ative nitrogen balance. The absence of tryptophane, methio- 
nine and threonine does not produce the marked loss of appe- 
tite observed with the same deficiencies in the protein-depleted 
rat. The absence of lysine led to only slight interference with 
voluntary food consumption in both the protein-depleted and 
normal adult rat. In most instances the effect on food con- 
sumption was not quite so acute or marked as that observed 
previously in the protein-depleted rat. 
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4. Substitution of norleucine for leucine or lysine led to 
decreased appetite and weight loss similar to those produced 
by a deficiency of these amino acids. Substitution of tyrosine 
for phenylalanine resulted in a loss of appetite and weight 
somewhat less severe than that produced by phenylalanine 
deficiency. 

5. Despite equalization of the food intakes of the rats 
deficient in lysine, leucine, histidine and phenylalanine with 
their controls by means of the force-feeding technique the 
animals on deficient rations lost weight and were in negative 
nitrogen balance. 

6. Our results indicate that the same 9 essential amino 
acids required for growth of the young rat are necessary for 
maintenance of appetite, weight and nitrogen balance in the 
adult rat. 
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The spontaneous convulsive seizures of pyridoxine-deficient 
rats described by Chick, El Sadr and Worden (’40) and 
Daniel, Kline and Tolle (’42) offer 1 means for the study 
of the metabolic determinants of brain function. If the 
specific aberrations induced by pyridoxine deficiency can be 
correlated with abnormal behavior it can be concluded that 
processes involving pyridoxine are among the factors respon- 
sible for normal brain function. Accordingly, the work de- 
scribed below was done on rats which showed an increased 
brain excitability as a result of pyridoxine deficiency. 

METHODS 

Male rats obtained from the Sprague-Dawley Farm were 
used. A few of the animals were very young, weighing between 
40 and 60 gm, but the majority weighed from 125 to 250 gm. 

The vitamin B e -deficient diet had the following percentage 
composition: sucrose 58, “vitamin-free” casein 2 27, lard 5, 
hydrogenated cottonseed oil 3 5, salt mixture (Hubbell, Men- 
del and Wakeman, ’37) 4, and cod liver oil 1. The following 
amounts of vitamins (in milligrams) were added to each kilo- 
gram: thiamine hydrochloride 20, riboflavin 30, calcium pan- 

1 This work was supported by United States Public Health Service Research 
Grant 155-c for the Study of the Physiology and Therapy of Convulsive Disorders. 
a Labeo. * 

a Criseo. 
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tothenate 50, nicotinamide 100, inositol 100, p-aminobenzoie 
acid 600, 2-methyl-naphthoquinone 5, choline hydrochloride 
500. In some cases the appearance of deficiency was hastened 
by the incorporation of 2,4-dimethyl-3-hydroxy-5-hydroxy- 
methyl-pyridoxine (desoxypyridoxine) 4 in the diet. The 
desoxypyridoxine was added to the extent of 10 or 50 mg to 
each kg of deficient diet. Identical results were obtained with 
the 2 concentrations in rats of the same size, but both were 
more rapidly effective in young than in adult rats. In other 
experiments, DL-trypophane (10 gm/kg) or L-glutamic acid 
(20 gm/kg) was added. The control diet consisted of the basic 
diet with the addition of 50 mg pyridoxine hydrochloride/kg. 

When given by subcutaneous injection, pyridoxine hydro- 
chloride -was administered as the unneutralized aqueous solu- 
tion in a dose of 5 mg /rat. Xanthurenic acid was given by 
subcutaneous injection of a neutralized 0.1% aqueous solution. 

Electroshock thresholds were determined as previously 
described (Davenport and Davenport, ’48). The electroshock 
threshold is the smallest amount of current required to pro- 
duce a detectable clonic seizure. Under rigidly controlled con- 
ditions its value, expressed in milliamperes (mA), is nearly 
constant from day to day but increases slowly in the normal 
rat from 10 mA at 50 gm to 20 mA at 250 gm. 

Cellular hydration was accomplished by the method of 
Darrow and Yannet (’35). Isosmolar glucose solution, 10 
ml/100 gm body weight, was injected intraperitoneally and 
was withdrawn 4 hours later, after it had been allowed to 
equilibrate with the extracellular fluid. 

The usual qualitative test for xanthurenic acid in urine, de- 
scribed by Lepkovsky, Roboz and Haagen-Smit. ( ’43), was em- 
ployed. This consists of the development of a green pigment 
when a ferric salt is added to the urine and the pH is adjusted 
approximately to 8. 

Blood for chemical analysis was removed from the inferior 
vena cava under intravenous pentobarbital anaesthesia. 


4 The desoxypyridoxine was generously supplied by Merck and Oo. 
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Plasma was separated using the anaerobic technique of Dav- 
enport (’47). The skulls of the exsanguinated animals were 
opened, the brains removed, and the cerebral cortices sepa- 
rated from the major portion of the white matter. The water 
content of brain cortex and of plasma was determined by 
drying samples to constant weight at 105°C. Chloride was 
determined in plasma by the method of Van Slyke and Send- 
roy ( ’23) and in brain by the same method, using the Sunder- 
man and Williams (’33) technique of alkaline digestion. A 
Perkin-Elmer flame photometer was used in the analysis 
of dry-ashed brain or plasma for sodium and potassium. The 
plasma pH was measured with a glass electrode, and the total 
carbon dioxide content was determined by the method of 
Van Slyke and Neill (’24). 

Blood which was to be analyzed for lactic or pyruvic acid 
was withdrawn from the inferior vena cava with chilled 
syringes and measured at once into tubes containing the 
chilled precipitating reagents. The method of Barker and 
Summerson (’41) combined with the copper tungstate pre- 
cipitation method of Somogyi (’31) was used in analyzing for 
lactic acid. Pyruvic acid was estimated by the method of 
Long (’42). 

RESULTS 

Vitamin B 0 deficiency ancl electroshock threshold 

Table 1 is a summary of the effects of injected pvridoxiiie 
on the electroshock thresholds of control and vitamin Bo- 
deficient rats. The 6th and 8th columns show the mean change 
in electroshock threshold 5 and 24 hours, respectively, after 
the rats were given subcutaneous injections of pyridoxine hy- 
drochloride. A comparison was made of the threshold of each 
rat before, 5 hours after, and 24 hours after the injection of 
pyridoxine, and the significances of the differences, calculated 
by Fisher’s (’36) method, are given in columns 7 and 9. . 

The pair-fed controls of group 1 showed no change in 
electroshock threshold after administration of pyridoxine. 
The rats in group 2, which had no acrodynia and excreted no 
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xanthurenic acid after 5 to 6 weeks on the deficient diet, like- 
wise showed no change after injection of the vitamin. In the 
moderately deficient rats of groups 3 and 4 there was a highly 
significant rise of threshold within 5 hours and a further rise 

TABLE 1 


Changes in electroshoch threshold in rats receiving 5 mg pgridoxine 







CHANGE IN ELECTROSHOCK 
THRESHOLD 

croup 

ACRODYNIA 

TItURENIC 

ACID 

71 1 

5 Hours 

24 Hours 





Change 
in A 

pa 

Change 
in A 

pa 

1 

Controls 

0 

0 

24 

—0.1 

0.4 

—0.2 

0.9 

o 

Not deficient 
after 5-6 weeks 
on deficient 
diet 

0 

0 

7 

—0.1 

0.7 

+0.1 

0.8 

3 

Deficiency pro- 
duced by basic 
deficient diet for 

3-6 weeks 

+ 4- 

+++ 

20 

+ 3.1 

<0.01 

+3.5 

<0.01 

4 

Desoxy- 
pyridoxine for 

15 days 

++ 

+++ 

13 

+2.2 

<0.01 

+3.0 

<0.01 

5 

Desoxy- 
pyridoxine for 

25 days -f + -f + 

+++ 

7 

+1.2 

0.2 

+2.9 

<0.01 

6 

Desoxy- 
pyridoxine for 

5 days 

0 

++++ 

36 

+0.2 

0.3 

+0.2 

0.1 


1 Number of eases. 
3 Fisher, ’3 6. 


after 24 hours. The total rise amounted to 20% of the thres- 
hold before administration of pyridoxine. There was a slower 
hut significant rise in threshold in the more severely deficient 
rats of group 5. In contrast to these, the rats in group 6 which 
had no evidence of deficiency except the excretion of high 
concentrations of xanthurenic acid showed no change after 
injection of the vitamin. 
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Table 2 summarizes the effects on electroshock threshold 
of tryptophane and glutamic acid added to the diet of rats. 
The mean change in electroshock threshold of each group is 
given in the 6th column. The 8th and 10th columns give the 
mean change in threshold 5 and 24 hours, respectively, after 
the administration of pyridoxine hydrochloride. 

Each rat in groups 7 and 8 received slightly over 100 mg of 
DL-tryptophane daily. The addition of tryptophane to the 
deficient diet of group 7 resulted in a significant fall in the 
electroshock threshold. After the injection of pyridoxine 
there was a significant rise of threshold within 5 hours and a 
further rise by the end of 24 hours. On the other hand, the 
threshold of the control rats of group 8 failed to fall during 
the administration of tryptophane, or to rise in response to 
the injection of pyridoxine. 

The addition of L-glutamic acid to the diet of mildly defi- 
cient rats appeared to raise the electroshock threshold. The 
animals of groups 9 and 10 were fed the basic deficient diet 
for 3 weeks, by the end of which time they showed signs of 
mild deficiency. To the diet of group 9 was added 2 % of 
L-glutamic acid, while group 10 was continued on the basic 
deficient diet. By the end of 10 days the rats receiving glu- 
tamic acid showed a mean rise in electroshock threshold which 
was large enough to be significant, while the thresholds of the 
animals not receiving glutamic acid did not change. In more 
severely deficient rats the effect of glutamic acid was some- 
what different. The 12 young rats of groups 11 and 12 were 
treated with desoxypyridoxine for 14 days. At the end of this 
time all had well-developed acrodynia and were excreting 
high concentrations of xanthurenic acid. Group 11 was then 
given glutamic acid in the basic deficient diet while group 12 
was given the deficient diet alone. At the end of 6 days there 
was an insignificant drop in the electroshock threshold of 
both groups. The injection of pyridoxine then produced within 
5 hours a highly significant rise of 2.5 mA in the threshold 
of group 11, whereas in group 12 it resulted in a rise of only 
0.9 mA. Twenty-four hours after the injection of pyridoxine 
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the total rise in electroshock threshold was 3.3 mA in the 
animals which had received glutamic acid and 2.5 mA in the 
controls. 

Cellular hydration and electroshock threshold 

It has been shown by Swinyard, Toman and Goodman ( ’46) 
that cellular hydration reduces the electroshock threshold of 
normal rats about 56% in a regular and predictable manner. 
The same is true of rats having mild to moderate pyridoxine 
deficiency. In 10 pyridoxine-deficient rats the mean electro- 
shock threshold was 17 mA before and 8 mA after cellular 
hydration. Six control rats had a mean threshold of 20 mA 
before and 9 mA after hydration. 

Xanthurenic acid and electroshock threshold 

In order to determine whether any of the results given above 
could be explained on the basis of convulsant properties of 
xanthurenic acid, the effect of subcutaneous injections of this 
substance upon the electroshock thresholds of rats was inves- 
tigated. 5 Ten normal rats were then given 1 mg of xanthur- 
enic acid and 6 were given 2.5 mg in divided doses. At the 
end of 5 hours the electroshock thresholds were determined. 
The urines of the rats were examined for xanthurenic acid 
throughout the 5 hours and were found to be intensely positive 
within 1 hour ; at the end of 5 hours the test in the urines of 
animals which received 2.5 mg was far more positive than was 
usually observed in the urines of our deficient rats. Although 
this would appear to indicate a higher blood concentration of 
xanthurenic acid than occurred in the pyridoxine-deficient 
rats, it produced no change in electroshock threshold. A single 
rat which was given a total dose of 5 mg of xanthurenic acid 
likewise showed no change in threshold, while another which 
received 10 mg had only a questionable slight lowering of 
the threshold. 

15 An authentic sample of xanthurenic acid was synthesized for us by Dr. W. .T. 
Horton of the Department of Chemistry, University of Utah. 
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Maximal seizure patterns 

The pattern of maximal electroshock seizures has been de- 
scribed by Toman, Swinyard and Goodman ( ’46) as consisting 
of a latent period, a period of tonic flexion, a period of tonic 
extension, a clonic phase which is frequently absent, and a 
period of post-seizure depression. The average time from 
the application of the shock to the beginning of the extensor 
phase is 2.8 seconds and from the application of the shock 
to the end of the extensor phase, 14 seconds. The post-seizure 
depression is seldom less than 2 or more than 4 minutes in 
length. 

In several respects the effect of pyridoxine deficiency on 
maximal seizure pattern is similar to that of anticonvulsant 
drugs. Moderate deficiency was produced in 11 young rats 
by the administration of desoxypyridoxine for 10 days. All 
these animals had shown normal seizure patterns before treat- 
ment with desoxypyridoxine. After treatment the latent 
period was increased slightly and the flexor phase was length- 
ened to an average duration of 8.5 seconds. The extensor 
phase was absent in 5 of the 11 rats and was extremely brief 
in the others. In all cases the clonic phase was present and the 
post-seizure depression was of normal duration. Injected 
xanthurenic acid had no effect on the maximal seizure pattern. 

Brain and blood analyses 

In order to determine whether the increased susceptibility 
of pyridoxine-deficient rats to electrically induced seizures 
may be explained on the basis of alterations in the electrolyte 
content of blood and brain, the analyses summarized in table 
3 were made. 

There was no difference between the results obtained on 
control and deficient rats. The data on both brain and plasma 
electrolytes are in essential agreement with those which Swin- 
yard ( ’47) obtained in normal well-fed rats. 

A few analyses were made to determine the acid-base bal- 
ance in control and vitamin B, r defieient rats. The blood sam- 
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pies in this case were not pooled. In 3 control and 3 deficient 
rats the acid-base picture was almost identical: the pH was 
7.32 and the extra fixed acid amounted to approximately 
6 mM/1. This low degree of acidosis, which in the control rats 
was undoubtedly the result of chronic stai'vation, does not 
account for any changes in electroshock threshold (Davenport 
and Davenport, ’48). 

The blood lactic and pyruvic acid levels were also the same 
in control and pyridoxine-deficient rats. 


TABLE 8 

Analyses of 'brains and plasma of control and pyridoxine-deficient rats 



WATER 

CHLORIDE 


SODIUM 

POTASSIUM 

n 1 

gm 

per 

kg 

n 

mEq 

per 

kg 

n 

mEq 

per 

kg 

n 

mEq 

per 

kg 

Control brains 

7 

785 

7 

33.4 

3 

44.9 

4 

98.1 

Deficient brains 

7 

786 

6 

33.4 

4 

45.0 

4 

98.0 

Control plasma 

5 

921 

4 

106.1 

4 

145.8 

1 

5.2 

Deficient plasma 

4 

920 

3 

105.4 

3 

147.0 

1 

5.1 


1 Number of pooled samples. 


DISCUSSION 

Growing rats which are given a diet deficient in vitamin B e 
show a progressive diminution in the rate of weight gain and 
a tendency for the electroshock threshold to fall. Weight- 
paired controls fed limited amounts of an adequate diet 
exhibit the same changes. The lowering of threshold in the 
controls is undoubtedly due to the fact that these animals 
are subjected to partial starvation (Davenport and Daven- 
port, ’48). In deficient rats starvation is probably not a major 
cause of the lowering of threshold, although it may be a con- 
tributory factor. 

The injection of pyridoxine causes a rapid and highly sig- 
nificant rise of electroshock threshold in mildly deficient rats 
but has no effect in control animals fed appropriately limited 
amounts of an adequate diet. This indicates that even a 
mild degree of pyridoxine deficiency causes an increase in 
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brain excitability. In more severely deficient rats the injection 
of pyridoxine raises the threshold more slowly. Presumably 
in this case the changes caused by the deficiency are more 
profound and therefore less easily reversed. The effect of 
pyridoxine in correcting brain excitability of mildly deficient 
rats is not necessarily associated with increased food intake, 
for the 5-hour rise in electroshock threshold was observed in 
rats deprived of food for that interval. Reactions involving 
pyridoxine must therefore have some specific effect in the 
maintenance of normal brain excitability. 

Our data provide both negative and positive evidence of 
the means by which a mild degree of pyridoxine deficiency 
alters the excitability of the brain. The deficiency does not 
change the electrolyte pattern of the brain or the response 
of the brain to the stress of cellular hydration; it does not 
change the acid-base or electrolyte pattern of the blood; and 
it does not change blood lactic or pyruvic acid concentrations. 
All these factors are known to cause or accompany increased 
brain excitability, and it is possible that they may be among 
the causes of the spontaneous convulsions of advanced py- 
ridoxine deficiency, but their participation in the effects of 
early pyridoxine deficiency can be ruled out. On the other 
hand, the results of feeding DL-tryptophane and L-glutamic 
acid suggest strongly that an interference with transamina- 
tion is responsible for the effect of pyridoxine deficiency on 
brain excitability. 

The addition of extra tryptophane to the vitamin Bo-defi- 
cient diet intensifies the signs of deficiency, especially the 
excretion of xanthurenic acid (Lepkovsky, Roboz and Haagen- 
Smit, ’43) ; Miller and Baumann, ’45). Xanthurenic acid is a 
product of tryptophane metabolism, and its concentration in 
the urine is an index of the extent to which tryptophane 
metabolism has been deranged by the vitamin deficiency. The 
brain excitability of deficient rats increases when tryptophane 
is added to their diet. Our data show that this is not due 
to a convulsant action of the extra xanthurenic acid produced 
and suggest that it may not be directly concerned with de- 
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ranged tryptophane metabolism, since rats during the first 
few days of treatment with desoxypyridoxine excrete large 
amounts of xanthurenic acid but do not show a change in 
electroshock threshold. Bather, it seems probable that the 
presence of extra tryptophane increases the competition for 
pyridoxine among the enzyme systems which require this 
vitamin, and increases brain excitability indirectly, possibly 
through an effect on the transaminase system. 

The data obtained from the experiments in which extra 
glutamic acid was fed to vitamin B 6 -deficient rats present 
stronger positive evidence for a correlation between transam- 
ination and brain excitability. Glutamic acid is known to play 
a key role in transamination (Cohen and Hekhuis, ’41). 
Although the administration of glutamic acid to rats 
maintained on a normal diet does not change their brain 
excitability (Goodman, Swinyard and Toman, ’46), it raises 
the electroshock threshold of rats mildly deficient in 
vitamin B e . In severe deficiency it fails to raise the thres- 
hold but does hasten its return toward normal after the 
injection of pyridoxine. Although it is true that the de- 
ficient diet itself contains about 6% of glutamic acid in the 
casein, it is possible that only a small percentage of this is 
released from the casein molecule and made available to the 
transaminase system. In any case, the result of adding 2% 
of free glutamic acid must be due to a mass action effect. 
A simple explanation of our findings is that extra glutamic 
acid promotes a more efficient utilization of pyridoxine in 
the transaminase system and that maintenance of normal 
transamination is essential for those tests of normal brain 
function employed in this study. 

SUMMARY 

1. The electroshock threshold of rats mildly deficient in 
pyridoxine rises significantly within 5 hours after the rats 
are injected with pyridoxine. 

2. The electroshock threshold of weight-paired control rats 
is not affected by the injection of pyridoxine. 
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3; Cellular hydration reduces the electroshock threshold to 
a similar extent in normal and pyridoxine-deficient rats. 

4. The concentrations of water, sodium, potassium and 
chloride in the brain and blood plasma and of lactic and 
pyruvic acid in the blood are the same in pyridoxine-deficient 
and control rats. Both.types of rat have a very mild degree of 
metabolic acidosis. 

5. When extra tryptophane is added to the diet of rats 
mildly deficient in pyridoxine the signs of deficiency are in- 
tensified and there is a fall in electroshock threshold. This fall 
can be reversed within 5 hours by the injection of pyridoxine. 

6. Xanthurenic acid, a product of tryptophane metabolism, 
when injected into normal rats has no effect on electroshock 
threshold or maximal seizure pattern. 

7. Feeding extra glutamic acid to rats mildly deficient in 
pyridoxine causes the electroshock threshold to rise. 

8. Bats more severely deficient in pyridoxine show a slower 
rise in electroshock threshold after the injection of pyridoxine, 
but if the animals have been fed extra glutamic acid for 6 
days they respond to injected pyridoxine as rapidly as do 
mildly deficient rats. 

9. It is suggested that the maintenance of normal trans- 
aminase activity is essential for those tests of normal brain 
activity employed in this study. 
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Cataracts which could be definitely attributed to a nutri- 
tional deficiency were first observed by Day, Langston and 
O’Brien (’31) in rats deficient in what was then known as 
vitamin 0, although Salmon, Hays and Guerrant (’28) had 
earlier observed what might have been similar lenticular 
changes in studying experimental pellagra. It later became 
apparent that the cataracts were caused by a specific deficiency 
of riboflavin (Day, Darby and Langston, ’37). Curtis, Hauge 
and Kraybill (’32) found that “rats receiving inadequate 
protein from either low corn protein or low protein of the 
basal ration in the absence of additions of tryptophane de- 
veloped permanent blindness. This blindness was char- 
acterized by white opaqueness of the eye and loss of the 
characteristic colors of the eye, quite different from ophthal- 
mia due to vitamin A deficiency.” The addition of trypto- 
phane to the diet prevented this blindness. From this 
description and the published photographs it seems apparent 

1 Preliminary reports of this work have been published (Sydenstricker, Schmidt 
and Hall, ’47b; Bowles, Sydenstricker, Hall and Schmidt, ’47). 
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that these authors had observed the cataracts resulting from 
tryptophane deficiency, as were later described by Totter 
and Day (’42). 

That the adequacy of nutrition with respect to other amino 
acids and to protein may be of importance in the development 
of cataracts is indicated by several studies. Mitchell and 
Cook (’37) found that a protein deficiency definitely hastened 
the development in the rat of cataracts due to feeding high 
levels of galactose. In 4 rats fed a diet containing 10% of 
casein, Eezende and de Moura Campos (’42) observed bi- 
lateral cataracts. The parent rats had been fed the same 
deficient diet. According to Hall and Svdenstricker (’47) 
diets of this type are suboptimal with respect to several 
amino acids in addition to the more striking deficiency in 
methionine and cystine. Patch (’34) had previously de- 
scribed the occurrence of cataracts in the larva of Ambly- 
stoma tigrinum fed a highly purified milk-powder-casein diet. 
These could be prevented by adding cystine to the diet. 
Later, Patch (’43) observed cataracts in larva fed other 
proteins. These could not be prevented by supplementing 
the diet with cystine. Recently Ferraro and coworkers (’47) 
observed an early lens change consisting* of vaeuolation of 
the cortex, in rats fed a valine-deficient diet. 

During an investigation of ocular changes in various de- 
ficiency states, we observed lenticular opacities in rats de- 
ficient in phenylalanine and in histidine. These observations 
led to the study reported here. 

EXPERIMENTAL METHODS 

Eats of a Wistar strain were used in this study. A descrip- 
tion of the diets fed and the details of treatment of each 
group of rats are given in other sections of this paper. Dur- 
ing the period of the experiment, biomicroscopic examinations 
of the eyes were made 3 or 4 times a week. In order to 
facilitate examination of the lens, usually the pupil of the 
right eye was dilated with a 0.5% solution of atropine sulfate 
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in 0.9% saline. Most of the deficient rats were allowed to 
die of the deficiencies. A few were changed to the control 
diet in an attempt to obtain regression of the . lenticular 
changes. Also a few rats with some degree of lenticular 
changes were sacrificed in order that the lenses might be 
photographed. 

On death or after killing the animal, the lenses were dis- 
sected out, immersed in saline and examined with a dissecting 
microscope. With the lenses immersed in saline and illumi- 
nated by 2 photo-flood lamps, photographs at a magnification 
of approximately 1 X were made on 35 mm panchromatic 
film. Usually a normal lens from a rat of approximately the 
same age was included for comparison. 

All rats were kept in individual cages. Further details of 
care of animals and techniques are given in an earlier paper 
(Bowles and associates, ’46). 

RESULTS 

Cataracts in 'phenylalanine deficiency 

Since in the study of corneal changes in phenylalanine de- 
ficiency (Sydenstricker and co-workers, ’47a), 1 of 11 rats 
was observed to develop a cataract, 25 more rats with 8 
control animals from the same litters were placed, when 25 
or 26 days of age, on the phenyalanine-deficient diet 2 de- 
scribed in that paper. 

Definite lenticular changes were observed in all but 2 of 
the 25 rats on the phenylalanine-deficient diet in from 17 to 33 
days (mean, 23 days). These changes consisted of a pro- 
gressive lessening of the transparency of the lenses until 

3 The phenylalanine- deficient diet consisted of an amino acid mixture which 
supplied approximately 3 times the minimum requirement of each of the indis- 
pensable amino acids (except phenylalanine) in utilizable form, and the following: 
salt mixture 4 gm, cod liver oil 2 gm, cottonseed oil 3 gm, choline chloride 0.2 gm, 
riboflavin 1.6 mg, thiamine hydrochloride 0.4 mg, calcium pantothenate 2 mg, 
pyridoxine hydrochloride 0.4 mg and sufficient sucrose to make 100 gm. By ap- 
propriate modification of the amino acid content of this formula, histidine, threo- 
nine, leucine, isoleucine and protein-deficient diets were prepared. 
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at the time of death, after 20-35 days on the diet, various 
degrees of opacity were observed. The earliest change was 
a slight haziness of the lens substance. Nest, the lens star 
became more readily visible. This was followed by a sepa- 
ration of the most superficial fibers, and sometimes the epi- 
thelial layer and possibly the superficial fibers appeared 
rough and granular. Frequently superficial, irregular, glis- 
tening areas were present when the lens was first removed, 
which disappeared after the lens had been in saline a few 
minutes. No changes in the lens capsule were observed. 
Later, after the appearance of a refractile line between nu- 
cleus and cortex, there developed in the nucleus a relatively 
dense central opacity. Figures 1, 2 and 4 show successive 
degrees of the superficial lens changes and the appearance 
of the refractile line. Figure 3 shows an early stage in the 
development of the central opacity. 

The most extreme degrees of lenticular change in the rats 
deficient in phenylalanine could be observed satisfactorily 
only after death of the animal and removal of the lens. In 
the advanced stages of the deficiency disease the cornea be- 
came suflieiently opaque ( Sydenstricker and co-workers, 
’47a) to make obscure the exact degree of lenticular change 
at the time when some of these rats were placed on the con- 
trol diet in an attempt to produce reversal of the lenticular 
changes. However, before observation of the lenses with the 
biomicroscope became unsatisfactory in these rats and in 
those which died at this stage, superficial changes had de- 
veloped to a moderate or extreme degree and the formation 
of a nuclear cataract had begun. 

Five rats which had developed cataracts due to phenyl- 
alanine deficieny were changed to the control diet in an at- 
tempt to induce regression of the lenticular changes. This 
resulted in a complete reversal of the changes in the lenses 
except that the refractile line separating the superficial and 
deep portions of the lenses persisted. The corneal changes 
appeared to be completely reversed upon biomicroscopie 
examination. However, upon microscopic examination of the 
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dissected corneas, it could be seen that empty capillaries 
were still present. 

Cataracts in histidine deficiency 

The lenticular changes resulting from histidine deficiency 
were followed in 21 of our Wistar strain rats. Thirteen of 
these were the rats used by Sydenstrieker and associates 
(’47a) in a study of the corneal changes in histidine de- 
ficiency. For 15 of the rats on the histidine-deficient diet and 
8 rats fed a control ration, the details of the diets, 8 care of 
the animals, and the techniques used were as described in 
the earlier paper. The remaining 6 histidine-deficient rats 
and 3 control animals from 2 litters were fed diets in which 
a histidine-deficient casein hydrolysate 4 was used. The de- 
ficient diet consisted of histidine-deficient casein hydrolysate 
14.5 gm, DL-trvptophane 0.4 gm, DL-methionine 0.3 gm, cod 
liver oil 2 gm, cottonseed oil 3 gm, salt mixture 5 4 gm, choline 
chloride 0.2 gm, riboflavin 1.6 mg, thiamine hydrochloride 
0.4 mg, pyridoxine hydrochloride 0.4 mg, calcium panto- 
thenate 2 mg, and a sufficient amount of sucrose to make 100 
gm. The control diet was identical except that it contained 
0.5 gm of L-histidine monohydrochloride in place of that 
amount of sucrose. 

In histidine deficiency the early clouding of the superficial 
lens substance (fig. 5) was followed by an apparent granular 
disintegration of the more superficial fibers (fig. 6). This 
obscured any widening of the sutures that may have occurred. 
The development of opacity in the deeper lens substance was 
usually preceded by the appearance of a refractile line sep- 
arating the superficial and deep portions of the lens (figs. 5 
and 8). The final central opacity frequently was first ob- 

3 See footnote 2, p. 279. 

4 The histidine-deficient casein hydrolysate was prepared as described by 
Conrad and Berg ( J 37). The diets in which it was used were adaptations of 
those used by Conrad and Berg. 

8 The salt mixture was that used by McKibben, Madden, Black and Elvehjem 
(’39). 
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served deep in the center of the lens (fig. 8), later spreading 
peripherally to the refractile line (fig. 9). Less often it was 
first seen just inside the refractile line (fig. 7) with sub- 
sequent extension deeper to the center of the lens. The re- 
sultant nuclear cataract was of variable size but usually of 
extreme density. Under the conditions of our experiment the 
lenticular opacities from histidine deficiency usually were 
of greater density than those which we observed to result 
from deficiency of phenylalanine, tryptophane or riboflavin. 
This was probably due to the fact that most of the histidine- 
deficient rats lived long enough for the cataracts to be fully 
developed, while the rats deficient in phenylalanine, or tryp- 
tophane or riboflavin usually died of the deficiency shortly 
after the lenticular opacities had begun to appear. 

The lenticular changes due to histidine deficiency appeared 
after the rats had been fed the histidine-deficient diet from 
10 to 34 days (mean 25 days) ; all of the rats on this diet, 
which lived long enough, developed cataracts. 

Excepting 1 rat which died shortly after being placed on 
the deficient diet, the histidine-deficient rats lived from 34 
to 61 days (mean 42 days) after being placed on the diet. 

There were no significant differences between the lenticu- 
lar changes observed in the rats on the 2 histidine-deficient 
diets. The control rats for the histidine-deficient casein hy- 
drolysate diet developed no lenticular changes, though they 
did show some degree of corneal vascularization. This would 
indicate that this diet was not adequate in every respect. 

When 3 rats with cataracts due to histidine deficiency 
were put on the control diet, the degree of reversal of lenti- 
cular changes depended on how far they had progressed. 
In any case the more superficial changes regressed. If a re- 
fractile line had formed separating the deeper and outer 
portion of the lens, this would persist after other lenticular 
changes had disappeared (fig. 11). This corresponds to what 
was observed in the regression of cataracts due to phenyl- 
alanine deficiency. When 2 deficient rats were returned to the 
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control diet after the central opacity had begun to form, al- 
though a reversal of other changes began immediately, the 
formation of the dense central cataract went to completion 
(figs. 10 and 12). Once formed, the dense central cataract 
did not regress. 

Cataracts in tryptophane deficiency 
In order to make comparable studies of cataracts due to 
tryptophane deficiency, 23 rats 21 to 27 days of age were 
placed on a tryptophane-deficient diet. Ten rats from the 
same litters were placed on a control diet. The tryptophane- 
deficient diet consisted of zein 6 30 gm, E-histidine monohy- 
drochloride 0.3 gm, L-lysine monohydrochloride 1.35 gm, 
DL-valine 0.8 gm, DL-threonine 0.3 gm, DL-methionine 0.3 
gm, salt mixture 7 4 gm, cottonseed oil 3 gm, cod liver 
oil 2 gm, choline chloride 0.2 gm, calcium pantothenate 
2 mg, thiamine hydrochloride 0.4 mg, riboflavin 1.6 
mg, pyridoxine hydrochloride 0.4 mg, and a sufficient 
amount of sucrose to make 100 gm. The control diet was 
identical with this except that it contained 0.4 gm of dl- 
tryptophane in place of a like amount of sucrose. 

With tryptophane deficiency the initial changes in the 
lenses were observed to consist of an apparent loosening 
and slight separation of superficial fibers, both anteriorly 
and posteriorly with widening of suture lines, and sometimes 
a radiating opacity of the superficial fibers, both anteriorly 
and posteriorly with widening of suture lines, and sometimes 
a radiating opacity of the superficial fibers around the lens 
star. Later a concentric, retractile line appeared similar to 
what was observed in lenses of rats deficient in phenylalanine 
and histidine. Within the central portion there appeared re- 
duction in transparency varying from slight, diffuse haziness 
to dense, white opacity. Frequently the opacity of this cen- 

6 Obtained from the Corn Products Refining Co., New York, ]Sf. Y. 

7 See footnote 5, p. 281. 
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tral portion was more dense peripherally, giving a ring- 
shaped appearance to the cataract. The peripheral portion of 
the lens, outside the refractile line, showed changes varying 
from slight haziness to moderate, fine diffuse opacity. The 
lenticular changes which were observed in tryptophane de- 
ficiency are illustrated in figures 13, 14 and 15. Our obser- 
vations correspond essentially to those made by Totter and 
Day (’42), Albanese and Buschke (’42) and other inves- 
tigators. 

Lenticular changes in deficiencies of protein 
and of amino acids 

The lenses from several rats used in the investigation of 
another problem were dissected and examined for abnormali- 
ties. Eight of the rats were on a protein-free diet 8 as used 
by Hall and co-workers ( ’46), 7 on a threonine-deficient diet, 8 
1 on a leucine-deficient diet 8 and 9 on an isoleucine-defieient 
diet 8 as described by Sydenstricker and associates ( ’47a). 

In all of the 8 rats which had been on a protein-free diet 
some forms of early lenticular changes were observed simi- 
lar to those described above for phenylalanine deficiency. 
These consisted of haziness, visible separation of superficial 
fibers and widening of the sutures in varying degree. 

The lenses from 4 of the 7 rats on the threonine-deficient 
diet and from the rat on the leucine-deficient diet showed 
similar changes. 

The dissected lenses from the 9 rats on the isoleueine-de- 
ficient diet appeared to be normal except for a questionable 
widening of the suture line in the eyes of 1 animal. 

These observations and the fact that a definite haziness of 
the lenses was seen with the biomicroscope in these and other 
amino acid deficiencies has led us to conclude that lenticular 
changes of some degree may result in the rat from deficien- 


8 See footnote 2, p. 279. 
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cies of protein or of any of the indispensable amino acids 
except arginine. 

Cataracts in riboflavin deficiency 

Twelve rats from 2 litters were placed, at weaning, on a 
riboflavin-deficient diet which contained vitamin-free casein 9 
20 gm, salt mixture 10 4 gm, TJ.S.P. cod liver oil 2 gm, cot- 
tonseed oil 3 gm, choline chloride 0.2 gm, pyridoxine hydro- 
chloride 0.4 mg, calcium pantothenate 2 mg, thiamine hydro- 
chloride 0.4 mg and sufficient sucrose to make 100 gm. 
In addition to the 12 rats used here, at various times we have 
made biomicroscopic examination of the lenticular changes 
occurring in other riboflavin-deficient rats which were avail- 
able for such study. "While there were no litter-mate controls 
for the 12 rats on the riboflavin-deficient diet, we have had 
at various times 71 rats which were fed for different periods 
this same diet but with added riboflavin. None of the 71 
rats developed lenticular changes which could be observed 
with the biomicroscope. 

In riboflavin deficiency the initial lenticular changes ob- 
served were a loosening and separation of superficial fibers 
and slight opening of sutures. Frequently, immediately after 
removal of the lens, there were seen hi the loosened super- 
ficial fibers irregular areas of glistening, gray opacity which 
disappeared completely after the lens had been in saline a 
few minutes. This is similar to what was seen in phenylala- 
nine-deficiency. The more advanced changes observed con- 
sisted of diffuse granular opacity in the superficial lens sub- 
stance, the appearance of a retractile line between cortex and 
nucleus and development of a dense, white, spherical nuclear 
cataract. The lenticular changes observed in riboflavin-defi- 
ciency are illustrated in figures 17 and 18. 

Our observations are similar to those made by Day, Lang- 
ston and O’Brien (’31) with regard to this type of cataract. 


9 Labco brand. 

10 See footnote 5 , p. 281. 
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Spontaneous cataracts 

Out of some 1200 rats from our colony of Wistar strain . 
animals , the eyes of which have been examined with the bio- 
microscope, in only 2 litters (8 and 5 rats, respectively) have 
spontaneous cataracts been observed. In the first litter cata- 
racts were observed to appear almost simultaneously in 5 
of the 8 rats when they were 104 days of age. The other 3 
rats from the litter had previously been used in another ex- 
periment and killed. The cataracts were in the form of dense, 
cottonlike, nuclear opacities in otherwise apparently normal 
lenses. The size and density of the cataracts increased for 7 
to 10 days at which time they varied from the size illustrated 
in figure 16 to approximately one-fourth of the diameter of 
the lens. Three of the animals were sacrificed for study and 
photographing of the lenses. The eyes of the remaining 2 
rats were examined at periodic intervals for 51 and 112 days 
longer but no further lenticular changes took place. 

The second litter of rats with spontaneous cataracts was 
the result of breeding 2 rats from a litter which consisted of 
runts. Of the 5 offspring, 4 were nearly normal in size, and 
the fifth, a runt. All 5 had cataracts when the eyes were first 
examined at 28 days of age. All except 1 had bilateral cat- 
aracts which were bilaterally quite unsymmetrical. Six of 
these cataracts, when first observed, were central nuclear 
cataracts of varying sizes which increased until the smallest 
were about the size of cataracts shown in figure 16 and the 
largest filled two-thirds of the diameter of the lens. Of 2 
cataracts which were markedly eccentric when first observed, 
1 spread across the lens to form a roughly spherical central 
cataract. The other spread around the circumference of the 
nucleus to form a ring-shaped cataract which eventually 
spread to the center. One of the cataracts which was ring- 
shaped when first observed, after forming radial white pro- 
jections to the center of the lens, developed into a dense, 
white, central cataract. One eye of 1 rat appeared normal. 
The other eye of this rat contained the smallest and least 
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dense of the cataracts seen in this litter. Except for the 
nuclear opacities, the lenses all appeared to be normal. The 
cataracts developed rapidly for 7 to 14 days from the time 
they were first observed and then increased slig’htly in size 
and density during the next 6 weeks. Hereditary cataracts in 
the rat have been observed by Bourne and Griineberg (’39) 
and by Lambert and Sciuchetti ( ’35). 

Cataracts in a rat on a high tyrosine diet 

Out of 73 rats of varying ages which were fed a 20% casein 
diet containing 10% additional L-tyrosine, 1 young adult rat 
developed large, dense, nuclear cataracts after 6% months 
on this diet (fig. 27). None of the other rats, all of which 
had been on the diet for shorter periods of time, developed 
cataracts. Various organic compounds of the aromatic series, 
of which tyrosine is a member, are known to produce cat- 
aracts. 

DISCUSSION 

In general, there are marked similarities between the de- 
generative changes in the lens resulting from deficiencies of 
protein, amino acids or of riboflavin. These changes are: 
general haziness of the lens, separation of the superficial 
fibers, widening of the sutures, diffuse granular opacities in 
the cortex, the appearance of a refractile line separating 
cortex and nucleus, and dense nuclear opacity of variable 
extent. 

The spontaneous cataracts seen in the 2 litters were simi- 
lar in appearance but more irregular in outline and were not 
associated with the superficial changes seen in the nutri- 
tional deficiencies. 

In general we have observed the development of corneal 
changes in protein, amino acid and riboflavin deficiencies to 
be bilaterally more uniform than were the lenticular changes. 
In table 1 a summary is given and a comparison is made 
of the corneal and lenticular changes in protein, amino acid 
and riboflavin deficiencies. This table shows for these defi- 
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1 The corneal changes summarized in this table were described by Hall et al. (’46), Berg and co-workers ( ’47), Sydenstricker 
and associates (’47a) and Bowles et al. (’46). The above estimates of the degree of corneal changes in specific deficiencies take 
into account the extent and severity of the particular change, the rapidity of its development, and the length of time' the rat 
lived after the change first appeared. 
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ciencies a similarity between the extent and severity of the 
changes in the cornea and those in the lens, but with the 
exception that in histidine deficiency the lenticular changes 
are more extreme. 

It is of interest to note that Mitchell (’36) found Wistar 
strain rats, such as were used in this study, to be more re- 
sistant than some other strains to the development of cat- 
aracts due to the feeding of high levels of lactose or galactose. 

No lenticular changes were observed in any of the con- 
trol rats used in this study. 

The weight changes of the rats on the experimental diets 
in this study were essentially the same as those reported 
by Sydenstricker et al. (’47a) and Bowles and co-workers 
( ’46) where similar diets were used. 

Day, Darby and Cosgrove (’38) were able by the adminis- 
tration of riboflavin to arrest the development of the dense 
central cataracts in some riboflavin-deficient rats. In the 
present study the. number of rats deficient in phenylalanine 
and in histidine in which an attempt was made to produce a 
regression of lenticular changes was too small to determine 
conclusively whether such an arrest was possible. 

The routine use of atropine sulfate to dilate the pupils of 
the right eyes of the rats used in this study resulted in a more 
extreme keratitis of the cornea than in the left eyes of these 
rats where atropine was used only occasionally, or than in 
the eyes of other rats on the same diets where biomicroseopic 
examinations were made as frequently but where the pupils 
were not dilated. The use of atropine had no effect on the 
development of the cataract. 

SUMMARY 

The lenticular changes observed in rats deficient in phenyl- 
alanine, histidine, tryptophane or riboflavin were: general 
haziness, separation of the superficial fibers, widening of 
the sutures, diffuse and granular opacities in the cortex, 
granular degeneration of the superficial cortex, the appear- 
ance of a refractile line separating cortex and nucleus, and 
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dense nuclear opacity of variable extent. The characteristic 
changes in each deficiency are described and illustrated. 
Lenticular changes of some degree were observed in defi- 
ciency of protein and of each of the indispensable amino acids 
except arginine. When rats deficient in phenylalanine or 
histidine wore returned to the control diet, a reversal of 
superficial changes resulted, though the dense nuclear opac- 
ities were found to be irreversible. 

The spontaneous cataracts observed in 2 litters of rats, 
and cataracts in a rat on a high tyrosine diet are also de- 
scribed. 
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PLATE l 

EXPLANATION OP FIGURES 

(All 7 X, reduced approximately three-eighths) 

Photographs of lenses dissected from rats 'which had been on normal diet 
and on deficient diets. In each are the 2 lenses from 1 rat with a normal lens 
in the center except in 9 where a normal Jens is not included and in 10 where 
the normal lens is at the left. 

1 through 4 Phenylalanine-deficient diet for 40, 00, 110 and 31 days, respec- 
tively. 

5 through 9 Histidine-deficient diet for 31, In, 37, 34 and 02 days, re 
speotively. 

10, ill and 12 Histidine-deficient diet for 31, 58 and 40 days and control diet 
for 21, 27 and 22 days, respectively. 
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PLATE 1 




imjAtm a 

EXPLANATION 01«’ FLGUUBK 
(All 7 X, reduced approximately three eighths) 

V,\ through 18 Photography of louses dissected from nils which had been 
on normal diet and on deficient, diets. In each are the 12 lenses from 1 rat with a 
normal lens in the center except in 13 where a normal Jims is not included. 

13, 14- and 15 Tryptophane-deficient diet for 23, (fa and 51 days, respectively. 

16 {Spontaneous cataracts, observed in the rat when 104 days of age. Pat 
killed and photographed 7 days later.' 

17 and 18 Riboflavin-deficient diet for 119 and 104 days, respectively. 

10 through 26 Photograph# of eyes of rats which had been on normal diet 
and on deficient diets. The 2 highlights in each are reflections of the photoflood 
lamps and should be disregarded. 

19 Histidine-deficient diet for 45 days. The lens from this eye is in 6. 

20 Normal diet. 

21 and 22 Histidine-deficient diet for 34 and 62 days. The lenses from these eyes 
are on the right in 8 and 9. 

23 and 24 Histidine-deficient diet 31 days, and control diet 21 days. The lenses 
from these eyes are in 10. 

25 Histidine-deficient diet 40 days and control diet 22 days. Tim lens from 
this eye is in 12. 

26 Tryptophane-deficient diet for 23 days. The lens from this eye is on the 
right in 13. 

27 Eye of a rat on high-tyrosine diet for 1.96 days. (The vessels of cornea 
and iris show injection with India ink. The photograph of the, eye of a normal 
control rat which had been similarly injected was indistinguishable from the 
photograph of the normal uninjeetod eye shown in figure 20). 
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THE RELATION OF PYRIDOXINE TO THE 
GROWTH OF CHICKS FED RATIONS CONTAINING 
LINSEED OIL MEAL 

F. H. KRATZER AND D. E. WILLIAMS 
Dinsion of Poultry Husbandry, University of California , Davis 


TWO FIGURES 


(Received for publication March 24, 1948) 


Numerous workers have demonstrated that linseed oil meal 
is detrimental to growing chickens when it is fed at levels of 
4.5% or more of the ration (Bethke et al., ’28; Ackerson et al., 
’38; Sherwood and Couch, ’40; Slinger et al., ’43; Hammond, 
’44; Heuser and Norris, ’44; Heuser et al., ’46). However, the 
nutritional value of linseed oil meal for promoting growth in 
chicks may be improved by treating the meal with water 
(Kratzcr, ’46; McGinnis and Polis, ’46; Kratzer, ’47; Mac- 
Gregor and McGinnis, ’48). It has also been shown that 
improvement approximately equal to that observed following 
the water treatment can be produced by the addition of a mix- 
ture of synthetic vitamins to a ration containing untreated 
linseed oil meal (Kratzer and Williams, ’48). The problem 
has been studied further in an attempt to determine the re- 
lationship of the addition of various vitamins to the improve- 
ment in growth and to elucidate the mechanism of the changes 
brought about by the water treatment. 
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PROCEDURE AND RESULTS 

Methods 

Single Comb White Leglioni chicks were fed ;i standard 
starting ration for a period of about 10 to 14 days, after which 
they were divided into groups and were fed the experimental 
rations. The chicks were kept in electrically heated batteries 
with raised wire floors and were supplied with feed and water 
ad libitum. The experiments were continued for 18 to 20 
days. 

The experimental rations contained the following: crude 
casein, 5.0 gm; dried whey, 10.0 gm; alfalfa meal, 10.0 gm; 
steamed bone meal, 1.0 gm; cottonseed oil, 5.0 gm; ground 
limestone, 2.0 gm; salt, 1.0 gm; manganese sulfate, 0.0125 gm; 
fish oil (1000 A, 400 D), 0.125 gm; ground wheat, 20.0 gm; 
ground barley, 16.0 gm and either untreated or water-treated 
linseed oil meal 30.0 gm. The linseed oil meal used 1 was an 
experimentally produced, solvent-processed sample differing 
•from the old-process linseed oil meal used in previous work. 
The vegetable oil was found essential to prevent the feed 
from sticking to the beaks of the chicks. The vitamin mixture 
which was fed to certain groups supplied per kilogram of 
diet: thiamine hydrochloride 20 mg; riboflavin 25 mg; pvrid- 
oxine hydrochloride 35 mg; calcium pantothenate 110 mg; 
nicotinic acid 200 mg; pteroylglutamic acid - 10 mg; inositol 
4gm and choline 4 gm. In the second experiment biotin :l was 
included in the mixture at. the level of 0.2 mg per kilogram. 
When additions of single vitamins were made, they were 
at the above levels. The water treatment of the linseed oil 
meal was carried out by mixing the meal with 3 times its 

1 Kindly donated by Archer-Daniel-Midland Company, Minneapolis, Minn., 
through the courtesy of Dr. J. W. Hayward. 

15 Kindly donated by Ledcrle Laboratories, Inc., Pearl River, Now York, through 
the courtesy of Dr. T. H. Jukes. 

8 Kindly donated by Merck and Company, Rahway, New Jersey, through the 
courtesy of Dr. D. F. Green. 
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weight of water and allowing it to stand for 1 day at room 
temperature. Tlie material was then dried at approximately 
65°C. and ground in a burr mill. 

A. Qualitative study of vitamin supplementation 
of linseed oil meal 

In the first experiment the effect of the addition of various 
vitamins to the ration containing untreated linseed oil meal 

TABLE 1 

The effect upon the growth of chicles of water treated linseed oil meal 
and/or adding vitamins 


AVE. GAIN IN WEIGHT (GM) 


SUPPLEMENT — 

Trial A 

Trial B 

Experiment 1 — Trial A , IS days ; B, 

30 days 


Linseed oil meal 

34 

42 

Linseed oil meal -f vitamin mix 

118 

198 

Linseed oil meal + pyridoxine 

86 

181 

Linseed oil meal + inositol 

53 

159 

Linseed oil meal + clioline 

70 


Linseed oil meal + pyridoxine + inositol 

92 


Linseed oil meal -f* pyridoxine + inositol + choline 

105 


Water-treated linseed oil meal 

78 

171 

Water-treated linseed oil meal + vitamin mix 

128 


Experiment 8 — 10 days 

Linseed oil meal 

97 


Linseed oil meal + pyridoxine 

166 


Linseed oil meal *j- vitamin mix 

169 


Linseed oil meal + inositol 

105 


Water-treated linseed oil meal 

180 


Water-treated linseed oil meal + pyridoxine 

188 


Stock mash 

191 



was tested. The vitamin additions which were made and 
the results obtained are shown in table 1. The addition of 
the vitamin mixture caused the greatest increase in growth. 
Pyridoxine alone caused a large increase in growth, but in 
both trials this was not equal to the growth produced by the 
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vitamin mix. Inositol caused a slight increase in growth 
when it was added to the ration containing no other vitamin 
supplements, but caused no response in 2 trials when it was 
added to rations supplemented with pyridoxine. Choline 
caused an increase in growth when it was added to the ration 
either alone or in combination with pyridoxine and inositol. 
The water treatment of linseed oil meal caused a growth in- 
crease approximately equal to that caused by the addition 
of pyridoxine, but it was not as great as the increase caused 
by the vitamin mixture. These data were interpreted to in- 
dicate that the water treatment increased growth by elimi- 
nating the need for added pyridoxine, but the water-treated 
linseed oil meal ration was still subopt iinal with respect to 
choline. This deficiency of choline may have resulted from 
the solvent extraction process while the old-process linseed 
oil meal used in earlier work was adequate in choline. 

To test the supposition that the water treatment resulted 
in an improvement of linseed oil meal for chicks by virtue 
of eliminating’ the necessity for supplying pyridoxine to the 
ration, a second experiment was conducted in which the basal 
ration contained additions of the B-coinplex vitamins. The 
basal ration was similar to that originally described with the 
exception of the following additions: choline 0.1 gm; inositol 
0.1 gm; thiamine hydrochloride 0.1 mg; riboflavin 0.2 mg; 
calcium pantothenate 0.0 mg; nicotinic acid 0.0 mg; hiotin 
0.005 mg and pteroylglutamic acid 0.05 mg per 100 gm. The 
groups included in the trial are shown in table 1. Marked im- 
provement in growth occurred when pyridoxine was added 
to the untreated linseed oil meal; none occurred when it was 
added to the water-treated meal. There was no improvement 
beyond that caused by the addition of pyridoxine when the 
vitamin mixture was added. The addition of inositol caused 
no appreciable response; however, the basal ration in this 
trial contained inositol. The data indicate that the major 
part of the response, if not all, resulting from the water treat- 
ment of linseed oil meal was due to eliminating the need for 
added pyridoxine. 
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B. Quantitative relationship of linseed oil meal 
and pyridoxine 

Since it was clearly indicated that pyridoxine alleviated 
the growth inhibiting properties of linseed oil meal, it seemed 
desirable to determine the amount of pyridoxine required to 
prevent the detrimental effects. A basal ration was used 
which contained 30% solvent-processed linseed oil meal and 
was similar to that used in the second experiment of part A. 

Varying amounts of pyridoxine hydrochloride were added 
to this ration. Ten chicks per group were continued on these 



Fig. 1 Relation of the level of pyridoxine hydrochloride added to a ration 
containing linseed oil meal to the growth of chicks. 


rations 20 days. The results are shown in figure 1. Maximum 
growth was obtained with the addition of 7 mg per kilogram, 
while 1.75 and 3.5 mg per kilogram produced growth inter- 
mediate between the 7 mg level and the group receiving only 
the basal ration. This was assayed for pyridoxine by the use 
of Neurospora sitophila 4 (Stokes, ’47) and was found to con- 
tain 12.5 mg per kilogram. 

In other groups of the same experiment no supplementary 
pyridoxine was added to the ration but the level of linseed oil 
meal was varied from 0 to 30%. The crude protein content 

‘Kindly donated by Dr. G. W. Beadle, California Institute of Technology, 
Pasadena. 
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of the rations was maintained constant by the addition of 
soybean oil meal and ground wheat as the linseed oil meal 
was reduced. The growth data are presented in figure 2. A 
reduction in growth was not apparent until the level of linseed 
oil meal in the ration exceeded 10%, but the reduction was 
very rapid as the linseed oil meal was increased beyond this 
level. The curve is admittedly subject to some error due to 



Perce/?? //nseec/ o/Z me a/ /n raf/on, 

Fig. 2 Relation of the level of linseed oil meal in the ration to the growth of 
chicks. 


variations in the amino acid content of the rations as the 
preparations of linseed, soybean and wheat proteins varied, 
but it is felt that the greatest differences were due to the 
specific growth depressing action of linseed meal. This is 
substantiated by the fact that groups receiving 30% linseed 
oil meal and supplemented with adequate pyridoxine grew 
nearly as rapidly as those receiving the low levels of linseed 
oil meal. 
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DISCUSSION 

The data indicate that linseed oil meal depressed growth 
of chicks by rendering the ration deficient in pyridoxine. 
However, the total pyridoxine in the ration (12.5 mg/kg) was 
many times the level of 2.0 to 3.0 mg per kilogram which has 
been reported to be required by chicks for normal growth in 
rations which contain no linseed oil meal (Briggs et al., ’42 ; 
Kratzer et al., ’47). The principal effect of the water treat- 
ment of linseed oil meal was to reduce the requirement for 
pyridoxine. The linseed oil meal itself contained approxi- 
mately 18 mg of pyridoxine per kilogram. Thus, the amount 
supplied to the ration by 30% linseed oil meal was approxi- 
mately 5.4 mg per kilogram. It can therefore be assumed that 
the non-linseed components of the ration supplied over 7 mg 
of pyridoxine to each kilogram of the ration. 

The mechanism by which the pyridoxine deficiency is 
created is not apparent. There are at least 2 ways by which 
this could occur. First, if linseed contained a factor capable 
of combining with pyridoxine to form a complex which would 
render pyridoxine unavailable, a deficiency would result. This 
would be analogous to the action of avidin in rendering biotin 
unavailable and thereby creating a deficiency of biotin (Eakin 
et al., ’40). In such a situation the water treatment would have 
to destroy the pyridoxine-combining compound so that it could 
not form a complex. 

A second theory for the apparent pyridoxine deficiency in- 
volves the presence in linseed oil meal of a compound which is 
similar enough to pyridoxine to substitute for it in biologically 
important complexes, but different enough so that it does not 
possess biological activity, thus making it a competitive in- 
hibitor. Many such analogues have been recognized (Woolley, 
’47) but for the most part they have not been found in natural 
products. In such a theory the water treatment would be 
expected to destroy the competitive inhibitor or inactive ana- 
logue so it could not compete with pyridoxine. The addition 
of pyridoxine would replace that rendered inactive by the 
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supposed competitive inhibitor and provide the biologically 
active pyridoxine needed. 

The fact that previous workers observed growth reduction 
at levels of linseed oil meal of 4.5% and higher while in the 
present work 10% seemed to be the critical level, probably 
reflects differences in the pyridoxine content of the basal ra- 
tions used rather than differences in response. It is probable 
that our ration contained more pyridoxine than the former 
rations and it required a higher level of linseed to create 
an apparent pyridoxine deficiency. 

The exact mechanism for the creation of an apparent py- 
ridoxine deficiency in chicks by feeding linseed oil meal and 
the processes by which linseed oil meal can be altered to 
prevent this action by water treatment must await further 
experimentation. 


SUMMARY 

When linseed oil meal was fed to chicks at 30% of the 
ration an apparent pyridoxine deficiency resulted, although 
the ration contained many times the amount of pyridoxine 
normally required by chicks. The deficiency was prevented 
by adding synthetic pyridoxine or by treating the linseed oil 
meal with water. 
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ADDENDUM 

Subsequent determinations of the pyridoxiue content of linseed oil meal 
by the Neurospora sitophila method have shown considerable variations. Chemical 
analyses made by Mr. W. E. Flach of the Eastern States Farmer's Exchange, 
Buffalo, New York, indicated that both untreated and water-treated linseed oil 
meal contained approximately 6 mg of pyridoxiue per kg. 

There was no increase in pyridoxiue resulting from the water treatment, and the 
amount present in the ration as found by either method was many times the 
required level. 
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Although the thiamine concentration of tissues has been 
studied by a number of workers (Westenbrink, ’32; Brodie 
and McLeod, ’35; Leong, ’37; Schultz et al., ’39; Ferrebee et 
ah, ’42; Mitchell and Isbell, ’42; Sure and Ford, ’42; Sarett 
and Perlzweig, ’43; Schweig’ert et al., ’43) under varying’ 
conditions, little attempt has been made to correlate tissue 
levels with urinary excretion. Since clinical evaluation of de- 
ficiency situations is in large part dependent upon urinary 
excretion data, it is of obvious importance to interpret such 
data in terms of what is going on in the tissues. The present 
experiments were undertaken to fill this gap. 

EXPERIMENTAL 

Plan 

The general plan was to deplete a group of rats with re- 
spect to thiamine, sacrificing representatives of the group at 
intervals for tissue analysis and following the total urinary 

1 Present address: IT. S. Public Health Service, Manila. 

2 Present address: Dept, of Biological Chemistry, Washington University, St. 
Louis. 

3 Present address: Dept, of Pediatrics, New York University. 
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output of tliiamine (luring the depletion process. Particular in- 
terest is attached to the state of the tissues when the “point of 
minimum excretion” in the urine was attained, since it has 
been postulated (Holt and Najjar, ’43) that excretion above 
this level corresponds to a surplus above physiological needs 
and depletion beyond this point to potential physiological 
deficiency. 

Animals 

The animals employed were adult males from a colony of 
mixed albino and hooded Norwegian rats. They were kept 
in individual metabolism cages to permit collection of urine. 

Diet 

After a period on the standard McCollum diet the animals 
were placed on a thiamine deficient diet identical with that 
described in a previous publication (Najjar and Holt, ’43) 
with the exception that sucrose was employed in place of 
dextrimaltose. 


Analytical in ethorfs 

Urine was preserved with acetic acid and analyzed for 
thiamine by a modification (Najjar and Kctron, ’44) of the 
standard thiochrome procedure (Henncssy and Cerecedo, 
’39). Analyses of free and combined thiamine (cocarboxyl- 
ase) were carried out on brain, heart, kidney, liver and 
muscle. For free thiamine a sample of fresh tissue was 
macerated and extracted with boiling 2% acetic acid for 20 
minutes. It was then centrifuged and the supernatant fluid 
decanted for thiamine analysis. For total thiamine the acetic 
acid extract, prepared as described above, was treated with 
takadiastase, the pH adjusted to 4.5 with alkali and incubated 
at 45°C. for 1 hour with occasional shaking. This was fol- 
lowed by centrifugation at high speed, then by decanting and 
analysis of the supernatant fluid. The combined thiamine 
was determined by difference. 
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RESULTS 

Two groups of vats were studied. The first group of 12 rats 
served essentially as an orientation experiment to determine 
how long it would take for the urinary excretion of thiamine 
to fall to the minimum point and at what intervals rats 
should he sacrificed for tissue analysis. It was found that 
from 6 to 16 days were required for the urine to reach the 
minimum level in individual animals; the group as a whole 



Tig. 1 Relation between thiamine of tissues and thiamine excretion in urine. 
Ordinates represent mierograms thiamine per gm dry tissue and micrograms per 
day of thiamine in urine. Abscissae represent days on thiamine deficient diet. 
The tissue figures represent averages of 4 animals sacrificed. The urine figures 
represent averages of surviving animals. 
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maintained a minimum excretion from the 17th day onward. 
Assays of tissues were made on animals sacrificed on the 
9th and on the 31st day of the deficient diet. These assays 
were obviously not suitable for any correlation of tissue 
changes with the point of minimum excretion, but they were 
of interest in showing that virtually all of the tissue thiamine 
was combined, and that the combined thiamine of the brain 
(in contrast to other tissues) was maintained at least up to 
the 9th day although it fell thereafter. 

A second experiment was then carried out with 32 rats, 4 
of which were sacrificed for analysis every 3 days beginning 
on the 3rd day of the experimental period. Pooled urines of 
the surviving rats were assayed for thiamine each day. The 
results of this experiment are shown graphically in figure 1 
where the total thiamine of the tissues and the urinary thia- 
mine are shown through the period of developing deficiency. 
Separate analyses of free and combined thiamine of the tis- 
sues were carried out, but since the quantities of free thiamine 
were negligible and did not influence the picture, only the 
total thiamine figures are given. 

It will be noted that the concentration of thiamine in the 
liver, kidney and heart falls steadily throughout the period 
of developing deficiency in a curve which shows no breaks 
and is of a logarithmic type. In sharp contrast is the behavior 
of the brain thiamine which is sustained at a constant level 
until the point of minimal urinary excretion is reached after 
which it falls sharply. 


DISCUSSION 

The data on tissue thiamine concentrations which we have 
reported above are in good agreement with those in the liter- 
ature. It is clear that the thiamine concentration of most 
organs varies directly with the diet over a wide range of in- 
takes, although there appears to be an upper limit (Schultz 
et al., ’39) beyond which the tissue concentration cannot be 
increased. The tendency of the brain to maintain its thiamine 
concentration in the face of a reduced intake has also been 
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reported by others (Westenbrink, ’32; Brodie and McLeod, 
’35). We have been able to find simultaneous determinations 
of tissue thiamine and urinary thiamine only in the work of 
Ferrebee et al. (’42), but these authors, although they com- 
pared normal animals with those on a deficient diet, did not 
study the progress of the deficiency changes in the tissues 
and urine or attempt a correlation between them. 

It would appear from the data at hand that the brain differs 
from other tissues studied in not being able to store surplus 
thiamine. The sudden break in the concentration of brain 
thiamine when depletion reaches the point of minimum uri- 
nary excretion suggests the development of unphysiological 
changes in this tissue and is in keeping with the known sus- 
ceptibility of the nervous system to thiamine deficiency. That 
the “point of minimum excretion” of thiamine in the urine 
is compatible with health and is not far above a level at which 
deficiency symptoms make their appearance is indicated by 
studies made by some of us of experimental thiamine defi- 
ciency in adult and adolescent humans (Najjar and Holt, ’43; 
Holt, ’44). Further studies made on infants (Holt et al., ’46; 
Snyderman et ah, to be published), although not carried to the 
point of deficiency symptoms, have shown that an intake 
which maintains the infant at the point of minimum excretion 
may be continued for long periods without evidences of clin- 
ical deficiency. Since the point of mimimum excretion can 
be readily determined, it provides what appears to be a highly 
useful end point for determining thiamine requirements under 
various circumstances. 


SUMMAEY 

1. The thiamine content of rat tissues has been studied 
under conditions of developing thiamine depletion and has 
been correlated with the excretion of thiamine in urine. 

2. Unlike other tissues studied the brain maintains its 
thiamine concentration in the face of a deficit of thiamine 
for a considerable period, after which there occurs an abrupt 
fall in thiamine content. 
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3. Tlie critical point at -which the brain begins to lose its 
thiamine corresponds to the attainment of the minimum level 
of urinary thiamine excretion. This finding supports the view 
that the point of minimum urinary excretion is of physiolog- 
ical significance. 

4. It is suggested that the point of minimum excretion in 
the urine is a highly useful criterion for measuring thiamine 
requirements under various conditions. 
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INTRODUCTION 

In spite of the existence of an extensive literature dealing 
with the clinical aspects of vitamin A, data on the plasma 
concentration of this vitamin and of carotenes in middle-aged 
and old individuals are still scanty. The present investigation 
was undertaken with the purpose of supplying such informa- 
tion. 

The study comprises analyses of plasma total carotenes, 
a + (3 carotenes and vitamin A in 155 individuals (71 men and 
84 women) between the ages of 40 and 99. For comparison 
47 younger individuals (22 men and 25 women) between 16 
and 39 years were included in the investigation. The majority 
of the older subjects were inmates or patients in the St. Louis 
City Infirmary and City Infirmary Hospital, whereas the 
greater part of the younger individuals examined were 
private volunteers. The study was undertaken during the 
months July to September, 1947. During this period the diet 
offered to the patients in the 2 above-mentioned institutions 

'Funds and materials provided by Hoffmann La Roche, Inc. 
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was calculated to contain an average of 2,000 and 4,000 gg 
of vitamin A (vitamin A + carotene) daily, a content which 
is considered adequate for adult individuals. None of the 
patients examined was given supplementary vitamin prepa- 
rations during the weeks preceding the blood analysis. The 
vitamin content of the diet of the private group of younger 
individuals was not evaluated. 

METHODS 

The technique used was a modification of those recom- 
mended by The Association of Vitamin Chemists (Methods 
of Vitamin Assay, ’47), Willstaedt and With (’38) and With 
(’47). The carotenes and vitamin A were extracted from the 
saponified plasma sample by successive portions of ether. 
After evaporation of the ether, the residue was dissolved in 
petroleum ether. The total carotenes were determined by 
use of a Dubosque colorimeter, and the a + 8 carotenes after 
previous adsorption on an aluminum oxide column and sub- 
sequent elution with benzol-benzene (fluid chromatography). 
The vitamin A was estimated on aliquots of the petroleum 
ether sample by the Carr-Price reaction. The more detailed 
technique will be given below. It will be noted that the cus- 
tomary treatment of the combined other extracts with an- 
hydrous sodium sulfate was omitted in the authors’ procedure. 
This omission was undertaken because it was found that 
several samples of sodium sulfate examined yielded sub- 
stances of a marked yellow color, which, furthermore, gave 
a strong Carr-Price reaction, thus interfering with both the 
carotene and the vitamin A determinations. Only after the 
exclusion of this step of the analysis were reproducible re- 
sults obtained with constancy. It appears likely that this 
precaution accounts for the somewhat low vitamin A plasma 
values reported in this investigation. In order to avoid tur- 
bidity in the Carr-Price color development due to traces of 
water in the sample, a few drops of acetic anhydride (as 
recommended by With, ’47) were added to the chloroform 



VITAMIN A AND CAROTENES IN PLASMA 


317 


solution before the addition of the antimony trichloride 
reagent. This practically always resulted in samples com- 
pletely free from turbidity. As only samples that were ab- 
solutely clear were included in the study this precaution may 
also tend to lower the vitamin values reported in this paper. 

Analytical technique 

A blood sample of 50 ml was drawn in the morning from 
the fasting individual. Coagulation of the blood was prevented 
by potassium oxalate. After centrifugation 20 ml of plasma 
were measured into a 125 ml Erlenmeyer flask with a ground 
glass joint and 20 ml of 95% alcohol and 4 ml of 60% potas- 
sium hydoxide added. A water-cooled reflux condensor was 
inserted and the sample brought to boiling on an electric 
plate. After 15 minutes of boiling, the sample was cooled 
and transferred to a 125 ml separatory funnel containing 10 
ml of water. The saponification flask was rinsed with 2 suc- 
cessive portions of 15 ml of water and 3 portions of 25 ml 
of ether, the washings being added to the sample in the sep- 
aratory funnel. The funnel was agitated gently for 1 minute, 
after which the layers were allowed to separate. As a rule, 
less than 10 minutes were required for complete separation. 
After separation the lower, aqueous layer was drained off 
into another separatory funnel and re-extracted by shaking 
with 2 successive portions of 25 ml of ether, each ether sample 
after separation being added to the first ether extract. The 
combined ether extracts 2 were then washed in the separatory 
funnel with 2 successive portions of 15 ml of water. The 
separation of the ether layer from the water was usually 
accomplished in a few minutes ; in those instances where the 
separation occurred more slowly the addition of a few milli- 
liters of alcohol usually hastened the separation. After the 
last washing the ether was transferred to a 250 ml beaker 

a It was found that treatment with 3 successive portions of ether sufficed f or the 
complete extraction of the vitamin A from plasma samples to which enough vitamin 
A had been added to bring the vitamin concentration to above 300 fig %. 
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placed on an electric plate and the solvent evaporated by 
employment of gentle heating and constant application of a 
current of nitrogen from a cylinder. The residue was dis- 
solved in petroleum ether and made up to 10 ml volume. 

For determination of total carotenes the sample was com- 
pared in a Dubosque colorimeter with a standard carotene 
solution, containing 200 ng of 3 carotene in 100 ml of pe- 
troleum ether. 

The a + 3 carotenes were determined by fluid chromato- 
graphy and subsequent colorimetry as outlined above. For 
adsorption of the carotenes a column of aluminum oxide 3 
was prepared, approximately 50 mm long and 2.5 mm wide, 
through which 2.5 ml of the petroleum ether sample was 
passed under gentle suction. The elution of the a + 3 caro- 
tenes was performed by addition of 3-4 ml of a mixture of 
equal volumes of benzole and petroleum ether, which was 
passed through the column in 1 ml portions. The first of 
these portions usually contained all the eluted carotene, the 
subsequent samples being colorless. For estimation of the 
a + 3 carotene value the eluant was made up to a proper 
volume and compared in the Dubosque colorimeter with the 
above-mentioned carotene standard solution. The standard 
deviation of the a + 3 carotene measurements was found to 
be 10 to 15 ng %. 

The determination of vitamin A was performed in duplicate 
on two 3.5 ml portions of the petroleum ether solution. The 
samples were pipetted into calibrated test tubes fitted for 
use in a photocolorimeter. The petroleum ether was evapo- 
rated in a water bath under application of a strong current 
of nitrogen. The residue was dissolved in 1.7 ml redistilled 
chloroform, after which 5 drops of acetic anhydride were 
added. After placing the tubes in the colorimeter 8.3 ml of 
a 25% solution of antimony trichloride in chloroform were 
rapidly added and the light transmission measured within a 
few seconds after the addition. The vitamin A value was 

* Alumina adsorption, Fisher Scientific Company. 
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obtained from a curve constructed by measurements on 
samples from a standard solution of vitamin A alcohol in 
chloroform.? The vitamin A values obtained from the curve 
were corrected for the color yielded by carotene in the Carr- 
Price reaction, using the following formula (Hawk, Oser and 
Summer son, ’47) : 

A — - 2 ^- == micrograms of vitamin A per 100 ml of plasma, 
where A is the concentration of apparent vitamin A and C 
that of carotene, both expressed per 100 ml of plasma. 

As it appears debatable whether the correction for total 
carotenes or a -f- (3 carotenes gives the truest vitamin A value 
both the corrected figures will be given in the report of the 
analyses. 

The standard deviation of the vitamin A estimation was 
found to be 2.6 ng per 100 ml of plasma. 

EXPEBIMENTAL 

In figure 1 the vitamin A values are plotted graphically in 
relation to the age of the individuals. Table 1 contains the 
summarized carotene and vitamin A values for the age groups 
16-39, 40-59, 60-69, 70-79, and 80-89 years, and the values 
for the men and women separately. 

It will be seen from the reported data that both the carotene 
and the vitamin A values show great variation in the different 
individuals. It will further be noted that the average con- 
centrations of plasma total carotenes and a -f- (B carotenes 
are higher (320 and 190 \ig °/o) in the younger individuals 
(16-39 years) than in the middle-aged and older groups. An 
analysis of the figures reveals, however, that the difference 
between the means is of doubtful significance, since it is 
smaller than the standard deviation of the difference. 

4 As solutions of the crystalline vitamin A alcohol in chloroform deteriorate 
quickly (in contrast to vitamin A in plasma extract preparations) the photo- 
electric determinations necessary for construction of the standard curve were 
performed immediately after the preparation of the solutions. 
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The average concentrations for vitamin A, total carotenes, 
and a + 0 carotenes in plasma were 17-23, 200-320, and 100- 
190 jig %, respectively. No certain difference was found be- 
tween the male and female subjects studied. 


MICROGRAMS OF VITAMIN A 
PER 100 ML OF PLASMA 



Pig. 1 The vitamin A values of plasma in 202 individuals. Correction for 
total carotenes was applied. The hatched area indicates values within one standard 
deviation from the mean observed in the younger age group. 


SUMMARY 

An investigation was made of the concentrations of plasma 
vitamin A, total carotene and a + 0 carotene in 155 middle- 
aged and old individuals offered a diet adequate in vitamin A, 
and in 47 younger subjects. The individual values observed 
varied greatly, but no statistically significant ditferences 
were found between the calculated means of the various age 
groups. The average concentrations of vitamin A, total 
carotenes, and a + 3 carotenes in plasma were 17-23, 200-320, 
and 100-190 gg %, respectively. No certain difference was 
found between the male and female subjects studied. 



TABLE 1 

Total carotene } a + ft carotene , and vitamin A values of plasma in 303 individuals 
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Standard deviation. 

Correction applied for total carotenes. 
Correction applied for a -f £ carotenes. 
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STORAGE BY BOBWHITE QUAIL OF VITAMIN A 
FED IN VARIOUS FORMS 
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Fish and WiWifc Service , 17. S , Department of the Interior , Patuxent 
Research Refuge, Laurel, Maryland 

(Received for publication March 15, 1948) 


Two forms of true vitamin A are found in animals, the 
alcohol that normally circulates in the blood stream, and the 
ester that comprises the bulk of vitamin A stores in the liver 
(Glover, Goodwin and Morton, ’47). Other esters, including 
vitamin A acetate, do not occur naturally, but have been 
synthesized in the laboratory. 

In the plant kingdom true vitamin A is non-existent, but 
instead there are certain carotenoid pigments that are con- 
verted to vitamin A by animals. Theoretically, 3 of these 
pigments, namely, alpha and gamma-carotene, and crypto- 
xanthin, are changed to vitamin A molecule for molecule; 
whereas a fourth, beta-carotene, will produce 2 molecules of 
vitamin A for each molecule of the pro- vitamin. Actually, 
such an efficient conversion of the carotenoids does not exist. 

The biological value of carotene is much lower than that 
of vitamin A (Ewing, ’41). Ahmad and Malik (’33) and 
Rosenberg (’45) pointed out that animals differ radically in 
their abilities to synthesize vitamin A from carotene. Kem- 
merer and Fraps (’38) maintained that not only does the 
utilization of carotene depend on the kind of animal involved, 
but also on the quantity of carotene fed and the nature of 
the carrier. Carotene in cottonseed oil, for example, was 
digested twice as efficiently by rats and chickens as carotene 
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in alfalfa leaf-meal. According- to Russell ( ’39) greater as- 
similation of carotene takes place on a liigli-fat diet than on 
a low-fat diet. 

Studies by Nestler (’46) have shown that the bobwhite 
quail should be included in the list of species utilizing vitamin 
A more efficiently than carotene. Quail maintained on an 
unsupplemented winter-holding diet had a survival rate equal 
to that of birds maintained on the same diet supplemented 
with 500 I.TJ. of carotene per pound (% of the birds’ require- 
ments for optimum maintenance and subsequent reproduc- 
tion), while the survival rate for birds on the basal diet 
supplemented with 500 I.TJ. of vitamin A was more than twice 
as great. The hatchability of eggs, and the survival of off- 
spring were significantly higher for quail maintained on 
vitamin A-supplemented diets than for birds receiving an 
equivalent number of units of carotene. Also, the liver storage 
of vitamin A in both growing stock and birds being main- 
tained through the winter on diets containing vitamin A and 
carotene in excess of body-requirements, was 3 to 15 times 
greater from the former than from the latter. 

During the winter of 1945-46, the livers of 59 wild quail 
killed in 4 eastern states showed an average storage of vitamin 
A of over 300 I.TJ. per gram. Hence, several questions have 
arisen. Did this stored surplus come from carotene alone, 
or from a mixture of carotene and vitamin A? Would massive 
intakes of carotene promote storage of vitamin A in pen- 
reared quail to the same extent as that found in the wild 
birds? Would the precursor in a natural carrier like alfalfa 
leaves be assimilated by quail as efficiently as crystalline 
carotene in cottonseed oil? Can the 3 forms of true vitamin 
A, the alcohol, the natural ester, and the “synthetic” acetate, 
be utilized by quail from the diet to the same degree ? During 
1946-47, 3 experiments involving 236 quail chicks, were con- 
ducted at the Patuxent Research Refuge, Laurel, Maryland, 
to answer these questions. 
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PROCEDURE 

The basal feed mixture used in these experiments had the 
following percentage composition : ground white corn 33.38, 
soybean oil meal 51.00, dried skim milk 10.00, butyl fermenta- 
tion flavin concentrate 2.00, steamed bonemeal 1.86, ground 
limestone 0.56, salt mixture 1 1.00 and vitamin D-activated 
animal sterol 0.20. 

The experimental diets consisted of this basal mixture 
supplemented by the addition of vitamin A. Fresh batches 
of each experimental diet were prepared each week during 
the experimental period, and the vitamin A activity of each 
diet and of each supplement was determined spectrophoto- 
metrically at frequent intervals to insure that the levels of 
vitamin A intake remained constant. In experiment 1, each 
diet contained 3000 I.U. of vitamin (or pro-vitamin) A per 
pound of feed, the amount shown by Nestler ( ’46) as meeting 
the quail’s requirements for maximum growth. In experiment 
2, the diets contained 25,000 I.U. per pound, or more than 8 
times the quantity required for maximum growth. 

Five forms of the vitamin were compared. Diet 1 contained 
vitamin A ester from natural sources; diet 2, vitamin A 
acetate ; diet 3, vitamin A alcohol ; diet 4, crystalline carotene 
(90% beta-10 % alpha) ; diet 5, a mixture of vitamin A ester 
and crystalline carotene, each of which provided half the 
units. Each form was dissolved in sufficient cottonseed oil 
to establish a potency of 2000 I.U. per gram of solution. These 
diets were fed ad libitum to pens of 18 or 19 quail chicks 
during the first 10 weeks of life. 

Three diets wore compared in experiment 3, each one being 
fed ad libitum to 12 birds for the first 10 weeks of life. Each 
mash contained 5000 I.U. of vitamin (or pro-vitamin) A per 
pound of feed : Diet 1, vitamin A acetate ; diet 2, crystalline 
carotene in cottonseed oil; and diet 3, carotene of dehydrated 
alfalfa leaf meal. 

1 The salt mixture consisted of 100.0 parts of iodized sodium chloride plus 1.7 
parts manganous sulfate. * 
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At the close of each experiment birds were sacrificed, 6 
from each diet of experiments 1 and 2, and 5 from each diet 
of experiment 3. The livers were assayed spectrophoto- 
metrically for vitamin A by use of a modification of the 
technique of Wilkie and' DeWitt (’45), those of the first 2 
studies as individual samples, but those of the last study as 
composite samples, one per diet. The data from experiments 
1 and 2 were analyzed statistically by Fisher’s (’32) “t” and 
“2” tests. 

RESULTS 

The results are summarized in table 1. 

TABLE 1 

Storage of vitamin A in livers of groivvng quail at end of 10 weehs 
(I.TJ. per gram of liver) 


FORM OF VITAMIN A 


EXP. 

NO. 

JUJu V JEiJj UF 

VIT. OR 
PROVIT. A 
(I.U./LB.) 

AVE. AND 
RANGE OF 
STORAGE 

Vit. A 
ester 

Vit. A 
acetate 

Vit. A 
alcohol 

Crystal- 

line 

carotene 

l 

Carotene 
| Ester 

Carotene 

of 

1 alfalfa 
leaf meal 

1 

3,000 

Ave. 

47 

122 

78 

28 

47 




Range 

38-55 

49-157 

22-108 

18-44 

24-75 


2 

25,000 

Ave. 

2460 

3966 

1655 

228 

649 




Range 

1084- 

3038- 

1471- 

89- 

323- 





3536 

5430 

2096 

532 

926 


3 

5,000 

Ave. 



244 


24 

52 


Experiment 1 

The differences between the storage from vitamin A acetate 
and that from any of the other supplements are highly sig- 
nificant. The difference between vitamin A alcohol and either 
the natural vitamin A ester or the combination of ester and 
carotene is according to odds of 19 :1, whereas that between 
vitamin A alcohol and carotene is according to odds 99 :1. 

When the efficiency of utilization of crystalline carotene for 
storage by quail at the 3000 I.TJ. level in the diet is given 
the rating of 1, the other supplements receive the following 
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ratings : Combination of carotene and vitamin A ester, 1.7 ; 
vitamin A ester, 1.7 ; vitamin A alcohol, 2.8 ; and vitamin A 
acetate, 4.4. 

Experiment 2 

Again the difference between the storage from vitamin A 
acetate and that from any of the other supplements is highly 
significant. This time, however, the results on natural vitamin 
A ester are greater than those on vitamin A alcohol (odds 
of 19:1), or those from either carotene, or the combination 
of carotene and the ester (odds of 99:1). The difference be- 
tween the storage from vitamin A alcohol and that from either 
carotene or the combination, is highly significant. 

If, at the 25,000 I.U. level in the diet, carotene is rated as 
1 for storage, then the other ratings would be as follows: 
Combination of carotene and vitamin A ester, 2.8 ; vitamin A 
alcohol, 7.3 ; vitamin A ester, 10.8 ; and vitamin A acetate, 17.4. 

At the high level of vitamin A considered in this study, as 
much as 530 LIT. of the factor were stored per gram of liver 
from carotene by some quail during the first 10 weeks of life. 

Experiment 3 

The storage of vitamin A from the carotene of alfalfa leaf 
meal was nearly double that from the crystalline carotene 
in cottonseed oil. The storage from the vitamin A acetate, 
on the other hand, was over 4% times as great as that from 
the carotene of the alfalfa, and over 10 times as great as that 
from crystalline carotene. 

DISCUSSION 

Quail, after the first few weeks of life, are primarily gra- 
nivorous and to some extent frugivorous. Handley’s (’31) 
analysis of 1659 quail-crops disclosed the fact that only 14.5% 
of the food consisted of animal matter, mostly insects. Ac- 
cording to Massey (’38) less than 5% of animal food is con- 
sumed by quail during winter months. 
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Analysis at Patuxent Research Refuge of 40 species of 
small animals that might be used as food by quail, revealed 
no evidence of vitamin A except in 4 cases, namely, earth- 
worms, spiders, spittle bug larvae, and grain weevil larvae. 
However, in the light of additional tests, there is considerable 
doubt about even those 4 species possessing any true vitamin 
A. On the other hand, herbivorous small animals, such as 
grasshoppers, Colorado potato beetles, Mexican bean beetles, 
tent caterpillars, and the like, were found to have high con- 
centrations of carotene, in some cases running as high as 230 
LIT. per gram of entire carcass. Therefore, apparently the 
main, and possibly the sole, source of vitamin A for wild 
quail is carotene, obtained either directly from plants or 
indirectly from herbivorous insects and similar small animals. 

SUMMAEY 

According to studies conducted with 236 bobwhite quail 
chicks at Patuxent Research Refuge, crystalline carotene in 
cottonseed oil fed at levels of 3000 I.LT. (the requirement for 
optimum growth), 5000 I.U., and 25,000 I.U. per pound of 
feed, was utilized only % to M as efficiently as vitamin A al- 
cohol; % to Mo as natural vitamin A ester; and % to Mr as 
vitamin A acetate, based on the storage of vitamin A in the 
liver. 

The carotene in the natural carrier, alfalfa leaf meal, was 
assimilated as effectively as was crystalline carotene in cot- 
tonseed oil, when both were fed at 5000 LIT. per pound of 
feed. 

Crystalline carotene when fed at a level over 8 times the 
requirement of the quail for maximum growth, or 25,000 I.U. 
per pound of feed, was stored as vitamin A in the livers of 
pen-reared quail to an extent comparable to the levels found 
in certain young wild quail. 

Vitamin A acetate was utilized more efficiently by quail 
than either vitamin A alcohol or the natural vitamin A ester. 
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There was considerable individual variation in storage 
of vitamin A by quail on the same diet, and with the same 
or similar parental background. 
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TWO FIGURES 

(Received for publication April 3, 1948) 

Whether vitamin E is essential for the capacity of the rat 
to become pregnant is a controversial question. In previous 
work, the influence of alpka-tocopberol acetate on tlie implan- 
tation rate of old rats lmd been studied (Kaunitz and Slanetz, 
’47). Experiments concerned witli tlie influence of vitamin E 
deficiency upon implantation during the entire life of the rat 
are reported below. 


METHODS 

A highly inbred colony of albino rats was maintained oil 
the vitamin E deficient diet given in table 1. The tocopherol 
content of this diet, estimated by an internal standard method 
(Kaunitz and Beaver, ’44), was from 0.2 to 0.4 mg per 100 gm 
of diet, affording a daily intake of about 20-40 ng to an adult 
rat. 2 The controls received the same diet supplemented by 
3 mg synthetic dl-alpha-tocoplierol acetate per 100 gm diet, 
allowing a daily intake of approximately 300 gg. 3 Rats of the 

1 Aided by a grant from the John and Mary R. Markle Foundation. 

3 We are indebted to Drs. Philip L. Harris and Mary L. Quaife of the Distilla- 
tion Products, Inc. for their help in the examination of lard samples. 

3 Dr, Loo Pirk of Homann-LaRoche, Inc., kindly supplied us with the synthetic 
dl-alpha-toeopherol acetate and the other vitamins used. 
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1st to Stli generations, inclusive, raised on this diet were used. 
Some of the rats had received 1 or 2 doses of 1-3 mg of alpha- 
tocopherol acetate several months before they were used in 
the mating experiments recorded in figure 2. 

Mating was carried out by leaving the female with the se- 
lected male for 5 days. On and subsequent to the 15th day 
after mating had begun, the animal was repeatedly inspected 
grossly for the placental sign, 4 and its weight was taken 


TABLE 1 

Composition of vitamin JC deficient diet 


BASAL MIXTURE 


SUPPLEMENTS OF 
BASAL MIXTURE 



% 


mfffktto 

Casein, crude 

30 

Thiamine chloride 

2 

Cerelose 

54 

Riboflavin 

4 

Lard, commercial 

10 

Fyridoxine 

4 

Salt mixture (Hawk-Oser) 1 

4 

Calcium pantothenate 

10 

Celluration 

2 

p-Amino benzoic acid 

300 



Choline 

1000 



Inositol 

1000 



Vitamin Ii 

4 



Oleum pereomorphnm 

200 


5 Hawk, P. B., B. Oser and W. H. Summevson 1947 Practical Physiological 
Chemistry, 12th Edition. See page 1273. The Blakiaton Co., Philadelphia. 


daily. A positive placental sign accompanied by a gradual 
weight gain followed by weight loss was taken as proof of a 
resorption gestation. If the placental sign was persistently 
absent, and if the weight was constant, the absence of preg- 
nancy was recorded. 0 The results obtained in this manner 

4 The t( placental sign’' refers to the appearance of blood in the rat's vagina 
13-14 days after a mating. It is caused by the development of placental tissue. 

s Some of the rats were used for matings after a previous resorption gestation 
or normal one had occurred, hut at least 4 weeks were permitted to elapse after 
the resorption gestation or the weaning of the young. Contrary to the experi- 
ences of A. L. Bacharaeh and E. Allchorne (Biochemical Journal, 1938, 88: 1298), 
we did not observe a drop in the implantation rate of animals that had previously 
had either a resorption or normal gestation, if animals of the same age were com- 
pared with virginal rats. This difference may be due to the faet that in Bacliarach 
and Allchorne 's experiments, the second mating was done 5-8 days after the 
termination of the first gestation. 
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were not always beyond question, particularly in rats below 
2 and above 7 months of age. Therefore, laparatomies were 
carried out in more than 100 cases, and the uteri grossly ex- 
amined for implantations. The answer disclosed by the 
laparatomy coincided in more than 90% of the cases with the 
previous “clinical diagnosis.” We are therefore confident 
that the number of errors which may have occurred in the 
tests not checked by laparatomy was insignificant. Some 



Fig. 1 Implantation rate in rats on a purified vitamin E deficient diet and on 
the same ration supplemented by 3 mg dl-alpha-tocopherol acetate per 100 gm diet. 
The numbers close to the circles indicate the number of experiments. Chi square 
denotes the probability factor. 


pseudopregnancies may have been registered as resorption 
gestations, but the avoidance of this error would only have 
enhanced the significance of the differences. 

The males used for the matings were derived from the 
same colony. They were raised on the deficient diet supple- 
mented by 3 mg alpha-tocopherol acetate per 100 gm of diet. 
A negative mating test was accepted for the charts only if 
the male had proved to he fertile before and after the nega- 
tive test ; the weights were taken at intervals of 1 to 2 weeks 
and they were used only if no weight losses had occurred. 
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EXPERIMENTAL 

In figure 1 are recorded the results of the mating experi- 
ments with rats on the vitamin E deficient diet and the same 
diet supplemented by alpha-tocoplierol acetate. No implanta- 
tions were observed among the animals on the diet supple- 
mented by alpha-tocoplierol acetate before the 35th day; 
thereafter, the rate of implantation went up steeply. This 
agrees with observations on the occurrence of the first estrus 
in rats (Engle et ah, ’37), and their attainment of sexual 
maturity (Blandau, ’43). At the age of approximately 3 
months, the implantation rate reached about 85%, which 
agrees with the results of Evans and Burr’s (’27) studies on 
the implantation rate in a normal rat colony. Thereafter, the 
rate declined; but, even at the age of 18 months, nearly half 
of the rats on the tocopherol supplemented diet became 
pregnant. 

In the deficient group, the implantation rate ran consistently 
lower than that of the controls. After the 9th week, the dif- 
ferences were statistically significant.' 1 

In figure 2 are given the individual results of the mating 
tests and the body weights of the vitamin Iff deficient rats 
above the ago of 150 days. One group had received 1 or 2 oral 
administrations of 1-3 mg alpha-tocopherol several months 
before the matings were recorded; tin* second group had 
been given no supplements. The administration of the 
tocopherol supplements several months before these experi- 
ments increased the body weights and the implantation rate. 
Implantations in the group without supplement were very 
rare after the 7th month, which is in good agreement with 
results of Emerson and Evans (’39). 

°The chi square was calculated according to George W. Snedeeor (Amos, Iowa, 
1940). If chi square is greater than 3.8 the probability of an error is below &%. 
We are indebted to Drs. Theodore F. Zucker and Lois Zucker for their help in the 
statistical analysis of the results. 
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DISCUSSION 

Neither dietary deficiencies other than that of vitamin E 
nor infections can explain the low implantation rate in the 
vitamin E deficient rats. Dietary deficiencies other than of 
vitamin E can be ruled ont because addition of alpha-toco- 
pherol to the basic diet increased the implantation rate to 
normal. Infections of the genital organs may have occasionally 
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Pi#, 2 Implantation rate in vitamin E deficient rats. Tlie circles indicate rats 
which had received 1-8 oral supplements of 1-3 mg alpha-tocopherol acetate sev- 
eral months before tin* experiment was recorded. The triangles refer to rats 
without tocopherol supplements. Full circles or triangles denote pregnancy; hollow 
circles or triangles signify absence of implantation. 


interfered with implantation in older animals; but they were 
not responsible for implantation failure in most cases be- 
cause single tocopherol doses administered after mating in- 
creased the implantation rate significantly (Kaunitz and 
Slanctz, ’47). Moreover, infections of the genital organs in 
deficient rats under 5 months of age are extremely rare. It 
seems, therefore, very probable that the effect of tocopherol 
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on the implantation rate is specific and not tlie result of 
secondary factors. 7 

Emerson and Evans (’39) as well as Goettsch and Pappeu- 
heimer (’41), found normal implantation rates in young rats 
on a vitamin E deficient diet. In the experiments of these 
authors, a diet was used which contained at least 20% lard 
and 8-12% dried yeast. These diets very probably permitted 
a daily intake of 40-80 pg of tocopherol for an adult rat in 
contrast to the 20-40 pg per day afforded by the diet used in 
our experiments. In view of the fact that a daily intake of 
55 pg is, under certain conditions, on the border line of the 
requirements for normal gestations (Mason and Filer, ’47), 
the tocopherol contents of some experimental diets may well 
have obscured the effect of tocopherol on implantation. Even 
with 20-40 pg, about 50% of the younger rats became preg- 
nant. It is, however, extremely dangerous to compare toco- 
pherol requirements in experiments carried on with widely 
differing diets because the vitamin E needs are greatly in- 
fluenced by the quantity and the quality of many dietary 
constituents, especially the fats. This has recently been 
stressed by Mason and Harris ( ’47). 

The beneficial effect on subsequent growth and implanta- 
tion in female rats of single doses of 1-3 mg of tocopherol 
administered early in life resembles the influence of single 
tocopherol doses on growth and testicular development in 
males (Kaunitz, ’46; Kaunitz et al., ’44). 

7 We are indebted to Dr. Charles E. Tobin of the Department of Anatomy, Uni- 
versity of Rochester, for this communication: 

“An inbred strain of black mice obtained from Dr. Strong at Yale and known 
as the C-57 strain were started on a vitamin E-deficient diet (diet 69) on the day 
of delivery. If the females from these litters are mated with normal males be- 
tween 75 and 100 days of age they will become pregnant and resorb their young. 
This fetal resorption can be prevented by oral administration of toeopherols or im- 
plantation of various tocopherol esters in the form of pellets subcutaneously. 
However, if such E-deficient females are kept on the E-deficient- diet for 100 to 150 
days or more before mating with normal males, pregnancy will not ensue although 
copulation plugs or sperm will be found in the vaginae of these animals for several 
successive estrous cycles. I have observed this phenomenon in six mice which were 
studied especially for this purpose although it has occurred in other animals previ- 
ously, and is being found in more animals now under observation. ’ * 
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Storage and gradual utilization of the single dose of 1-3 
mg of tocopherol can hardly explain the effects lasting for at 
least 1 year because this would have provided only 3-10 pg 
per day, which amount is within the limits of error of dietary 
intake. A valid explanation for this effect has not as yet been 
given. The protracted effect of single doses of tocopherol ad- 
ministered early in life makes more difficult the calculation of 
“ daily” requirments. 

In figure 2, it can be seen that no mating experiments were 
carried out on rats older than 1 year in the group without 
tocopherol supplements. Ten experiments on “single dose” 
animals over 500 days old were recorded. This was possible 
because the life span of a rat given a single supplement be- 
fore the 5th month is considerably longer than that of an 
animal without such a supplement. Whether or not this is a 
specific tocopherol effect is not clear ; it may be indicative of 
a higher resistance to respiratory and genital infections in 
the protected group. 

The mechanism of the implantation failure in vitamin E 
deficiency is not known. Experiments dealing with this ques- 
tion are being carried out in cooperation with Dr. Richard J. 
Blandau of the Department of Anatomy, The University of 
Rochester School of Medicine and Dentistry. 

SUMMARY 

1. The implantation rate in a highly inbred rat colony 
maintained on a complete, purified diet was determined until 
the rats were 21 years old. 

2. The implantation rate of rats maintained on the same 
diet without the tocopherol supplement was found to be sig- 
nificantly lower than that of the control group after the rats 
were 9 weeks old. Tocopherol is essential for the ability of 
the rat to become pregnant. 

3. Single doses of 1-3 mg of alpha -tocopherol administered 
early in life have a beneficial effect on subsequent growth, im- 
plantation rate, and life span of the female rat. 
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(Received for publication April 22, 1948) 

In previous papers it has been shown that day-old pigs 
can be raised to weaning age on a completely “synthetic” 
diet made up to simulate cow’s milk (Johnson, James and 
Krider, ’47, ’48). With such a synthetic diet, it is possible to 
omit or alter 1 or more constitutents at a time, thus making 
possible investigation of the nutritional requirements of the 
baby pig. Such information should be useful in studies on 
human infant nutrition. 

In this paper we wish to report the production of a choline 
deficiency in baby pigs by omitting choline from the syn- 
thetic milk ration. 

Wintrobo, Miller, Follis, Stein, Mushatt. and Humphreys 
(’42) fed 3- to 4-month-old pigs a choline-deficient diet and 
observed an increased amount of fat in the livers and some 
abnormality of gait, but found no effect on growth. Ellis, 
Madsen, and Miller (’43) reported that choline is necessary 
in addition to pantothenic acid and pyridoxine for protection 
from locomotor incoordination resulting from nerve degen- 
eration, but that growth is not affected. Ensminger, Bowland, 
and Cunha ( ’47) fed sows a choline-low ration and found that 
most of the baby pigs from these sows failed to survive. 

EXPERIMENTAL 

Nine pigs, 6 1 -day-old Chester White pigs from 1 litter 
and 3 4-day-old Duroc-Jersev pigs from another litter, were 
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divided into 3 groups consisting of 1 Duroe-Jersey and 2 
Chester White pigs in each group. Group 1 was fed the “com- 
plete synthetic milk” ration given in table 1. Group 2 was 
fed the same ration with the choline, inositol and p-amino- 
beuzoic acid omitted; and group 3, the complete ration with 


TABLE 1 

Composition of ee synthetic milk” ration 



% 

Casein (Labco, vitamin-free) 

30 

Glucose (cerelose) 

37.4 

Mineral salts 1 

6 

Lard 

26.6 


Made up and homogexiized into a milk containing 13# solids including 4% lard 
(liquid basis). 

The following vitamins 3 were added to the complete diet per 1000 gm of milk: 


Thiamine 

0.65 mg 

p-Aminobenzoie acid 

2.6 mg 

Riboflavin 

1.30 mg 

Pterovlglutamic acid 

0.052 mg 

Pyridoxine 

1.30 mg 

Biotin 

0.01 mg 

Calcium pantothenate 

7.8 mg 

a-Tocoplierol acetate 

1 .0 mg 

Inositol 

26.0 mg 

2 methyl-1, 4-nnpUt.hoquinonp 0.26 mg 

Choline 

260.0 mg 

Vitamin A 

1000 X.F. 

Nicotinic acid 

2.6 mg 

Vitamin D 2 

100 I.U. 


1 See Johnson et al. ( ’48). 

9 The thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, calcium 
pantothenate, biotin and a-tocopherol acetate used in this experiment were very 
generously supplied by HofFmmm-La 1100110, Tne., Nutlev, New Jersey, through the 
courtesy of Dr. J. 0. Bauernfeind. 

Pterovlglutamic acid was generously supplied by the Lederle Laboratories Di- 
vision, American Cyannnud Co., Pearl River, New York. 

Inositol was generously supplied by the A. E. Staley Manufacturing Co., Decatur, 
Illinois. 

choline omitted. All pigs were fed sulfathalidine 1 at 2% 
on the dry basis to inhibit intestinal synthesis. The pigs 
were housed and fed ad libitum as previously reported (John- 
son et al., ’48) . 

The lard nsed in this ration was analyzed for choline by 
the Neurospora procedure of Horowitz and Beadle (’43) and 

1 Sulfathalidine (phthaiylsulfathiazole) was generously supplied by Sharpe 
and Dohme, Philadelphia, Pennsylvania, through the courtesy of Dr. S. P. 
Scheidv. 
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was found to contain 10.6 y of choline per gm, which equals 
2.4y/ml for the “synthetic milk” ration. One sample of 
sow’s milk was found to contain 273 y/ml. Engel (’43) gives 
147 y/ml for the choline content of cows’ milk. 

The smallest of the Chester-White pigs weighed only 900 gm 
when started on experiment and died on the 2nd day, leaving 
only 2 pigs (1 Chester- White and 1 Duroc- Jersey) in the 
positive control group. The rest of the pigs were kept on the 
experiment for 8 weeks without further loss. During this 
experimental period blood samples were taken 4 times (at 2- 
week intervals), and hemoglobin concentration and red blood 
cell and white cell counts were determined. 

At the end of the 8-week experimental period liver biopsies 
were taken of all animals. 2 One small piece from each liver 
was frozen immediately, sectioned with the freezing micro- 
tome, and stained with Sudan IV and light green. 3 Another 
small piece was fixed, sectioned by the paraffin method, and 
stained with Harris ’s hematoxylin and Orange G-. 

BESULTS AND DISCUSSION 

The growth curves of the experimental pigs are plotted in 
chart 1. Due to the marked difference in weights of the 
Duroc- Jersey as compared to the Chester-White pigs, the 
growth data are plotted as per cent of initial weight. Since 
there was no difference (P = 0.79) in percentage gains of 
the pigs in group 2 and group 3 (choline-, p-aminobenzoic 
acid-, inositol-low vs. choline-low), they are treated as 1 
choline-deficient group, and the 2 curves given are the aver- 
ages of the percentage gains of the control and of the 
choline-deficient groups. The points plotted, however, are 
the individual data for each animal. In terms of actual 
weights, the Duroc-Jersey pig in the positive control group 
reached 24.55 kg (54 lbs.) at 8 weeks (i.e., good growth). 

2 We wish to express our appreciation to Dr. L. E. Boley and Dr. H. Harden- 
broolt for performing the operations. 

3 We wish to express our appreciation to Prof. F. B. Adamstone of the De- 
partment of Zoology for sectioning and preparation of the slides from the frozen 
material. 
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Statistical treatment of the growth data gives the follow- 
ing probabilities: control group vs. group 2 (minus choline, 
inositol, p.-aminobenzoic acid) P = 0.03 (Fisher, ’44) ; control 
group vs. group 3 (minus choline) P = 0.05; control group 
vs. groups 2 and 3 (both groups minus choline) P = <0.01 ; 
while for group 2 vs. group 3, P = 0.79. That is, the omission 
of choline from the “synthetic milk” ration of these baby 



Chart 1 Growth curves of baby on ‘ 1 complete 9 } vs. choline-low “synthetic* 
diet. 

pigs markedly retarded their growth. Plate 1 shows the pic- 
tures of pigs 2 and 3 (positive controls, group 1) and 7, 8, 
and 9 (minus choline, group 3) at 5 weeks. The differences in 
size of these pairs, which initially weighed approximately 
the same, are quite evident. As well as difference in size, the 
clioline-deficient pigs presented in some eases a generally 
unthrifty appearance and rough haircoat. 

The hemoglobin values and red blood cell counts are given 
in table 2. No significant differences between groups with 
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respect to hemoglobin concentration or white cell counts were 
found. However, the increases in red blood cell count during 
the 8-week experimental period did show significant differ- 
ences. The control group showed an average increase of 
2.37 million cells per mm 3 , while the choline low groups 
showed an average increase of only 0.86 million cells per 
mm 3 (P = 0.044). 

TABLE 2 


Bed blood cell counts and hemoglobin concentrations for baby pigs fed the 
<e synthetic milk" rations 





WEEKS ON EXPERIMENT 




2 

4 

6 

8 



Average red 

blood < 

cell counts in millions /mm* 

1 

(control) 

6.64 

7.78 

8.22 

9.02 

2 

(minus choline, inositol 






and p-antinobenzoie acid) 

6.72 

6.39 

7.63 

7.61 

3 

(minus choline) 

6.54 

6.90 

7.45 

7.37 



Average hemoglobin concentration in 

gm/100 ml 

1 


13.3 

13.8 

11.8 

13.2 

2 


11.5 

10.5 

12.3 

12.4 

3 


10.9 

10.2 

11.4 

11.8 


The liver sections taken by biopsy were examined his- 
tologically, and plate 2 illustrates the results found in each 
group of baby pigs. As can be seen, there was severe fatty 
infiltration in the livers of the pigs from both groups 2 and 
3, while the livers from the control group were normal in 
appearance. There appears to be somewhat more fat deposi- 
tion in the livers of the pigs in group 2 (minus choline, inositol 
and p-aminobenzoie acid, plate 2, figs. 6 and 9) than in the 
livers from group 3 (minus choline, figs. 5 and 8), which may 
indicate some role of inositol in fatty liver formation in the 
baby pig. However, this must be further investigated on a 
greater number of pigs before a definite conclusion can be 
reached. 

SUMMARY 

One and 4-day-old pigs have been raised on a “synthetic” 
diet made up to simulate milk. 
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On this diet, which contains 30% protein as casein (dry 
basis), the baby pig has been found to require choline. When 
choline was omitted from the diet, the pigs gained weight at 
a slower rate and developed fatty infiltration of the liver. 
The pigs were fed ad libitum. The clioline-deficient pigs did 
not show as good erythrocyte formation, as determined by 
red blood cell count increases during the 8 weeks to weaning, 
as did baby pigs receiving the “complete synthetic milk” 
diet. Definite evidence was not obtained for a requirement of 
inositol or p-aminobenzoic acid when their combined defi- 
ciencies were superimposed on a choline deficiency, although 
their omission from the diet appeared to accentuate the degree 
of fatty infiltration of the livers. 
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PLATES 



PLATE 1 

EXPLANATION OP FIGURES 

Photographs of pigs after C) weeks on experiment 

1 Shows pig 2 on the “complete” diet and pig 7 on the choline-low diet. 

2 Shows pig 2 on the “complete” diet and pig 8 on the choline-low diet. 

3 Shows pig 3 on the “ complete 9 ’diet and pig 9 on the clioline-low diet. 
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PLATE 1 






PLATE 2 

EXPLANATION OF FIGURES 

Photomicrographs of liver sections of pigs nt termination of experiment (8 
weeks). Magnification X 225 (original X 300 reduced %)• 4, 5, and 6 are par- 
affin sections stained with Harris's hematoxylin and Orange G, 7, 8, and 9 are 
frozen sections stained with Sudan IV and light green. Tissues in figures 7 and S 
were left frozen for some time before sectioning and hence some deterioration of 
tissue is shown by light spaces. 

4 and 7 Liver from group 1 control (pig 2). Shows normal appearance 
and normal distribution of fat. 

and 8 Liver from group 3, choline omitted (pig 8). Some fat infiltrations. 
Figure 5 shows fat removed In process of making paraffin section. Fat droplets 
are stained with Sudan IV in figure 8. 

t> and 9 Liver from group 2, choline, inositol, and p-aminobmizoic acid omitted 
< pig 4), Note the large amount of fat infiltration. 
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It lias long been known that potassium plays a vital role in 
animal physiology. In spite of this, knowledge concerning 
the quantitative requirements of animals for this element is 
still in an unsatisfactory state. To a lesser extent this is also 
true of the deficiency symptoms which appear when subop- 
timum amounts of potassium are fed. Most of the work in 
this connection has been done with the rat and considerable 
variability in results has been reported. The earlier work 
with this species has been clarified to some extent by the recent 
report of Kornberg and Endicott (’46) who described the 
following symptoms in rats fed diets very low in potassium : 
prompt failure of growth, edema, multiple lesions in many 
tissues, and death. A dietary potassium level of 0.17% was 
found to be adequate for growth and the prevention of lesions. 

While studying potassium deficiency in dogs, Ruegamer, 
Elvehjem and Hart (’46) observed symptoms which included 
cessation of growth, “stiff neck” and paralysis of the limbs, 
discolored teeth and hcmoconcentration. Hughes and Ittner 
(’42) have reported that young pigs require approximately 
0.15% of potassium in the diet for optimum growth. Appar- 
ently the only report of potassium deficiency in the chick is 
that of Ben Bor (’41). He observed retarded growth and 

1 This work was supported in part by a grant from the International Minerals 
anti Chemical Corporation, Chicago, Illinois. 
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high mortality in chicks fed a low-potassium diet and con- 
cluded that at least 0.17% of potassium in the diet was neces- 
sary for maximum growth. 

The potassium requirement of chicks has been reinves- 
tigated in this laboratory in connection with a general study 
of factors affecting mineral metabolism in this species. Such 
a study was prompted by the limited information available 
and the need for a better characterization of the symptoms 
of potassium deficiency. Furthermore, unpublished results 
had been obtained which suggested a relationship between 
the potassium and phosphorus requirements of chicks. This 
possibility was also given further attention in the experiment 
reported here. 


EXPERIMENTAL PROCEDURE 

In this experiment it was desired to study both the potas- 
sium requirement and the possible relationship between this 
requirement and the amount of phosphorus present in the 
diet. Accordingly, the 7 different levels of potassium shown 
in table 1 were each fed to lots of chicks receiving 0.4% and 

0. 6% phosphorus, respectively. This smaller amount, 0.4%, 
is near the generally accepted minimum requirement for 
chicks while 0.6% is more nearly representative of an opti- 
mum allowance of this element. The 2 groups of chicks served 
not only to test the relationship between phosphorus and 
potassium requirements, hut also as a double check on the 
quantitative requirement for potassium. 

Except with respect to potassium, the basal diet used 
in this experiment was adequate in all nutrients known to be 
required by the chick. The diet of the lots receiving 0.4% 
phosphorus had the following percentage composition: corn- 
starch 61.55, blood fibrin 25, gelatin 5, cellophane 2, liver “L” 

1, soybean oil 2, dicalcium phosphate 1.5, salts 1.45 2 and 

2 Salts (per cent of diet): CaCO a , 0.75; NaCl, 0.60; MgS0 4 - 71I.O, 0.06; 
MnS0 4 -4H.0, 0.03; ZnCl* 0.0(11; CoCl s -OH.O, 0.0003; NaT, 0.003; CuS0 4 • 5H a O, 
0.0017. 
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vitamins O.5. 3 The diet of the lots receiving 0.6% phosphorus 
was identical except that the dicalcium phosphate was in- 
creased sufficiently to raise the phosphorus content to 0.6% 
and the cornstarch was decreased accordingly. A calcium 
to phosphorus ratio of 1.9: 1 was maintained in both instances 
by the addition of calcium carbonate. The basal diet con- 
tained 0.04% potassium as determined by analysis with the 
flame photometer.* The desired potassium levels were ob- 
tained by adding a solution of analytical grade KC!1 to the 
basal mixtures. 

White Leghorn male chicks were used as experimental 
animals. Lots of 35 3-day old chicks were placed in electri- 
cally heated battery brooders and supplied tbe experimental 
diets ad libit tun. During the 4 weeks’ experimental period 
the chicks were observed for symptoms of potassium defi- 
ciency and post mortem examinations were made of the chicks 
which died. Individual weights were taken at weekly intervals. 
At the end of 4 weeks all surviving chicks were sacrificed, 
further observations were made on the deficient lots, and 
standard bone ash determinations were carried out on rep- 
resentative chicks from each lot. 

UKKUl/i'S AND DISCUSSION 

Tiie results obtained with respect to growth, bone ash, and 
mortality arc presented in table 1. The striking effect of 
potassium on growth, calcification and viability of chicks is 
evident, from these data. In the case of tbe chicks receiving 
the marginal level of phosphorus, growth was increased pro- 
gressively by additional potassium up to a level of 0.24% 
of the diet. For the chicks receiving the higher level of 
phosphorus growth was similarly increased by additions of 
potassium up to a level of 0.20%. 

Vit n nt ins ( mg per 300 thiamine 0.3; riboflavin 0.5; calcium panto- 

thenate 1,1; pvridoxine 0.5; niacin 1.75; vitamin K 0.22; folic acid 0.33; biotin 
0.026; vitamin A alcohol 0.11: PAHA 11.0; inositol 311; choline 222; tocopherols 
in oil 35; vitamin l> a 50 AOAP child* units. 

4 Dr. <\ J. Hariori made the annl.v.scs. 
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Calcification, as measured by the percentage of ash in fat- 
free, dry hone, was likewise benefited by supplementary po- 
tassium in the diet. In the case of the low phosphorus group, 
0.20% potassium gave optimum bone ash values, and for the 
group receiving the higher phosphorus diet 0.16% potassium 
was adequate for optimum calcification. According to Cook 
and Robertson (’40), tibiae from day-old chicks contain ap- 
proximately 36% ash. The percentage of bone ash found 
in chicks which received 0.08% potassium and 0.4% phos- 
phorus represents a considerably lowered ratio of mineral 
matter to soft tissue deposited during growth. The poor 

TABLE 1 

The effect of different levels of potassium on growth, calcification, 
and mortality in chicles 


GROUP 1 (0.4 % Phosphorus) GROUP 2 (0.6% Phosphorus) 

IiEVEJj OP — * 


POTASSIUM 

Wt. at 

4 wks. 

Bone ash 

Mortality 

Wt. at 

4 wks. 

Bone ash 

Mortality 

% 

tm 

% 

% 

firm 

% 

% 

0.04 



100 



100 

0.08 

85 

23.6 

87 

147 

41.3 

87 

0.12 

385 

38.3 

33 

OO] 

43.0 

13 

0.16 

298 

41.6 

0 

322 

47.8 

7 

0.20 

311 

43.4 

0 

368 

46.7 

0 

0.24 

332 

42.8 

0 

344 

46.7 

7 

0.50 

334 

43.9 

0 

357 

47.6 

0 


calcification found in the low potassium lots, therefore, can- 
not be accounted for on the basis of retardation of growth 
alone. 

The sparing action of phosphorus on the potassium re- 
quirement as measured by both growth and calcification 
points to an interrelationship in the metabolism of these 2 
elements. In view of the fact that growth and calcification 
were better in the lots receiving 0.6% phosphorus than in 
those receiving 0.4%, the latter level of dietary phosphorus 
is probably too low for the rapidly growing chick. 

These results indicate that the potassium requirement 
for maximum growth of the chick is 0.20-0.24% which is 
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somewhat higher than the 0.17 % previously reported by Ben 
Bor (’41). This difference is probably due to different ex- 
perimental conditions. The conclusions drawn from the 
earlier work were based on growth l'esponse to a diet which 
permitted only relatively slow growth even when supple- 
mented with potassium. It is probable that the much faster 
rate of growth obtained in the experiment reported in this 
paper increased the potassium requirement. The fact that 
some chicks used by Ben Dor (’41) were maintained on an 
adequate commercial diet for a period before receiving 
experimental treatment may also have contributed to the 
difference in results obtained. 

Continuous observations were made of the behavior and 
deficiency symptoms of the chicks in this experiment. Re- 
tarded growth and development were the most immediate 
symptoms of an inadequate potassium intake. The growth 
of all chicks receiving suboptimum amounts of potassium 
was retarded throughout the experiment. Chicks receiving 
the basal diets made virtually no gains in weight even though 
some of them survived for as long as 24 days. Mortality began 
by the 5th day in lots receiving the lower levels of potassium. 
The general inferiority of these lots was clearly evident by 
the end of the 1st week, and became progressively more 
marked (fig. 1). In potassium deficient lots many chicks grad- 
ually lost the use of their legs and were unable to stand or 
walk. Pasting around the vent and the excretion of excessive 
amounts of urates were common in deficient lots. Feed con- 
sumption by deficient chicks was reduced, but even those 
in the basal lots maintained an active interest in food. 

Death in deficient chicks was generally preceded by diffi- 
culty in breathing, sometimes for several hours, and the heart 
rate, normally very high in the chick, was markedly slower. 
Tonic spasms preceding death were also common. During 
these spasms the legs were rigidly extended and frequently 
the head was retracted. The leg and other body muscles were 
sometimes seized with tremors. Rigidly extended legs at 
time of death were very characteristic. This inability of the 
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muscles to relax is not surprising in view of the known 
function of ions in reducing muscular contractility and 
favoring relaxation in contrast to Ca ++ ions which favor con- 
traction. 

Characteristic post mortem findings included emaciation, 
enlarged gall bladder, and swollen kidneys with deposits of 
urates in the ureters and sometimes throughout the kidneys. 
In some cases the kidneys were twice the normal size. The 
intestines and ceca were frequently distended by material 
collected in them. Less common findings included hydroperi- 
cardium, discoloring lesions on the surface of the liver, and 
thin, eroded areas in the intestinal walls. 



Fig. 1 Comparison of potassium deficient and normal chicks at 2 weeks of 
age. The eliiek on the left received 0.04% potassium while the one on the right 
received 0.20% potassium. 


SUMMARY 

1. Rapidly growing, White Leghorn male chicks were 
found to require from 0.20-0.24% dietary potassium for max- 
imum growth. The requirement for potassium was slightly 
higher when the phosphorus in the diet was at a marginal 
level than when an optimum amount of phosphorus was 
present; 0.16% potassium was adequate for the prevention 
of mortality. 

2. Chicks receiving a marginal level of phosphorus in the 
diet required approximately 0.20% potassium for optimum 
calcification of the bones, while the corresponding require- 
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ment in tlie case of chicks receiving an optimum allowance 
of phosphorus was 0.16% potassium. 

3. Symptoms of potassium deficiency in the chick included 
retarded growth, weakness, loss of use of legs and the excre- 
tion of large amounts of urates. Death was preceded or ac- 
companied by tetanic seizures in which the muscles were 
unable to relax. Mortality commenced as early as the 5th day 
in deficient chicks, and no chicks receiving the basal diet, 
containing 0.04% potassium, survived the 4 weeks’ experi- 
mental period. Post mortem examination revealed lesions in 
several organs, particularly the kidneys and ureters which 
were enlarged and usually congested with urates. 
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Tins nutritive value of a protein is dependent not only upon 
its content of essential amino acids (Rose, ’38) but the bio- 
logical availability of these amino acids as well. Incomplete 
digestion and absorption of an essential amino acid lias the 
result of altering the effective composition of a food protein. 
The ultimate synthesis of body protein from the amino acids 
made available through digestion and absorption is dependent 
on a third factor, namely, the simultaneous appearance in 
the blood stream of each of the essential amino acids in 
suitable proportions. The reports of Elman (’39), Melnick, 
Oser and Weiss (’4(i), and (Iciger (’47) emphasize that pro- 
tein synthesis does not occur unless a complete mixture of the 
essential amino acids is present at one time. 

Only limited data are to be found in the literature con- 
cerning the availability of amino acids in foodstuffs. That the 
availability of the individual amino acids might vary would 
he infernal from in vitro digestion studies (Mitchell and Ham- 
ilton, ’29; .Jones and (Jersdorff, ’33; Melnick, Oser and Weiss, 
’40) which indicate that amino acids are liberated from pro- 
teins at different rates characteristic of the amino acid or its 

1 Presented, iu part, :it tin 1 1-th annual meeting of the American Institute 
of Nutrition at Atlantic C "il y, March, HUS. This investigation was aided by a 
grant from the American Meat Institute. 
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linkage in the protein. In addition, it has been demonstrated 
( Chase and Lewis, ’34) that specific amino acids are absorbed 
into the blood at different rates. 

On the basis of sulfur balance studies with chicks, Evans 
and McG innis (’47) concluded that the availability of cystine 
and methionine in soybean oil meal can be modified by the 
method of processing the meal. Methionine balance studies 
reported by Melnick et al. (’46) showed that 49% of the 
methionine in a sample of soybean oil meal appeared in the 
feces and hence w r as not available to the rat. 

In the present investigation, the availability of all 10 of 
the essential amino acids in several foodstuffs was determined. 
Calculations were based on determination of the amino acids 
in the food and in the feces. Corrections for the metabolic 
amino acids in the feces Avere calculated from control periods 
in Avhieh a Ioav protein egg ration was fed. 

EXPERIMENTAL 

The experimental techniques used in conducting the feeding 
tests were largely adaptations of the methods used by Mitchell 
and eoworkers (’24, ’26) in their investigations on the diges- 
tion and metabolism of proteins in foodstuffs. Groups of 5 
rats each, weighing initially from 55 to 60 gm, were fed for a 
24-hour period a stock ration containing 2% Fe 2 0 3 as a feces 
marker. They were then fed ad libitum for 7 days an experi- 
mental ration Avhieh contained about 10% protein from a 
single source. Following this feeding they were, again fed 
for 24 hours the stock ration containing the feces marker. All 
definitely red feces were discarded. Filter paper was placed 
in the bottom of the cages to absorb urine; an attempt was 
made to separate hair from the feces. 

In order to determine the amount of the amino acids which 
appeared in the feces as a result of metabolic processes, such 
as the excretion of enzymes into the digestive tract, the ex- 
perimental period was followed by a standardizing period of 
7 days in Avhieh a low nitrogen ration was fed. This ration 
contained 6% defatted Avholo egg to give a protein content of 
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approximately 4%. It lias been shown by Mitchell and Car- 
man (’26) and Brieker and Mitchell (’47) that whole egg 
protein when fed in these amounts is completely digested 
and utilized. The composition of all diets is given in table 1. 

Food composition was measured and feces collections were 
made for the experimental and standardizing periods. In 
order to control scattering of food, the rations Avere fed in the 


TABLE 1 

Composition of rations 


CONSTITUENTS 

ROAST 

BEEF 

RATION 

COTTONSEED 

FLOUR 

RATION 

PEANUT 

FLOUR 

RATION 

WHEAT 

RATION 

EGO 

RATION 


% 

% 


% 

% 

Roast beef 1 

Cottonseed flour 1 (Profit) ) 

13.8 

18.5 




Peanut flour 1 



16 A 



Wheat 1 

Defatted whole egg 1 




64.5 

6 

Sucrose 

10 

10 

10 

10 

10 

Vitaminized starch * 

5 

5 

5 

5 

5 

Starch 

52.2 

47.5c 

49.6 

1.5 

60 

Wood pulp (alpha -flock B) n 

2 

o 

2 

2 

2 

Butter fat 

8 

8 

8 

8 

8 

Cod liver oil 

2 

2 

o 

2 

2 

Salt mixture 4 

4 

4 

4 

4 

4 

NaCl 

1 

1 . 

1 

1 

1 

BaSCX, 

2 

o 

o 

2 

o 


1 Crude protein content of materials (N X 6.251: Boast beef, 72.25; cottonseed 
flour, 54.07; peanut flour, 61.00; wheat, 15.54; egg, 69.88. 

- Mitchell et al. (*45). 

8 Brown Oo., Berlin, JSTe\v Hampshire. 

4 Wesson ( ? 32) NaF omitted. 

form of a paste containing 10 ml of a dilute liver extract, 
prepared as indicated below, and 15 gm of the dry ration. 
The use of the liver extract was an important factor in main- 
taining satisfactory food consumption. Food residues were 
dried and weighed. Moisture determinations were made in 
order to adjust all food residue weights to the original mois- 
ture content of the prepared rations. 
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Preparation of liver extract 

Five pounds of fresh beef liver were ground and then homo- 
genized in the Waring Blendor with 6 liters of methanol. The 
protein was removed by centrifugation. The methanol was 
removed by distillation at reduced pressure and the residue 
dissolved in 5 liters of water and filtered. The nitrogen con- 
tent was 0.58 mg per ml ; the amino acid content was consid- 
ered insignificant. 

Preparation of roast beef 

The roast beef sample was well done. Three pounds of 
boned prime rib were roasted for 2 1 /4 hours at 350°F. The 
lean meat was ground in a food chopper and dehydrated 
at room temperature with the apparatus described by Lyman 
et al. (’46a). In order to facilitate thorough mixing of the 
ration, the meat was reground after drying. 

Microbiological methods were used for the determination 
of the essential amino acids in the food and feces. Valine, 
leucine, and isoleucine were determined with L. arabinosus 
17-5 (Kuiken et al., ’43). Streptococcus faecalis (American 
Type Culture Collection no. 8043) was used for threonine, 
histidine (Lyman et al., ’47) and tryptophane assays (Kuiken 
et al., ’47), while L. wesenteroi/les P-60 was used to determine 
methionine (Lyman et al., ’46b), arginine, lysine, and phenyl- 
alanine. The amino acid composition of the materials studied 
is given in table 2. 


RESULTS AND DISCUSSION 

Illustrative data for a single amino acid, lysine in roast 
beef, are given in table 3. The data show that the endogenous 
amino acid excretion was roughly proportional to the amount 
of food eaten. This is in accordance with the observations of 
Mitchell (’24) and Schneider (’35) on endogenous nitrogen 
excretion. The calculation of true amino acid availabilities 
was based on this concept. In general the correction to be 
applied to apparent availabilities was quite small. 
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TABLE 2 


Amino arid composition of materials studied 
(Expressed as percentage of the crude protein , N X 6.25) 


AMINO ROAST 

ACID BEEF 

COTTONSEED 

FLOUR 

PEANUT 

FLOUR 


WHEAT 

Arginine 6.53 

11.30 


11.26 


4.38 

Histidine 3.27 

2.57 


2.16 


2.51 

Tsoleucine 4.43 

3.51 


3.85 


3.03 

Leucine 8.77 

6.23 


6.74 


6.82 

Lysine 9.98 

4.16 


3.20 


2.90 

Methionine 3.13 

1.61 


1.02 


1.35 

Phenylalanine . 4.25 

5.20 


5.08 


5,15 

Threonine 4.90 

3.36 


2.67 


2.83 

Tryptophane 1.30 

1.46 


1.20 


1.35 

Valine 0.03 

4.84 


4.64 


4.50 

TABLE 3 





Metabolic data and the calculation 

of lysine availability in roast beef 

RAT NUMBER 

l 

2 

3 

4 

5 

Metabolic data: roast beef ration, 

9.97%. 

protein 



Food intake (gm) 

71.7 

74.8 

56.9 

69.1 

88.2 

Lysine in food eaten (gm) 

0.713 

0.744 

0.566 

0.688 

0.877 

Weight of feces (gm) 

4.487 

4.432 

3.506 

4.877 

5.452 

Lysine in feces (%) 

0.64 

0.66 

0,83 

0.78 

0.64 

Total lysine in feces (mg) 

28.7 

29.2 

29.1 

38.0 

34.9 

Metabolic data: egg 

ration, 4.19% protein 



Food intake (gm) 

62.6 

65.0 

45.3 

46.0 

69.2 

Weight of feces (gm) 

3.908 

4.283 

2.772 

1017 

4.610 

Lysine in feces ( */< ) 

0.66 

0.66 

0.66 

0.66 

0.63 

Total lysine in feces (mg) 

26 

28 

18 

20 

29 

Lysine in feces per gram food eaten (mg) 0.42 

0.43 

0.40 

0.43 

0.42 

Derived data 





Fecal lysine of metabolic origin (mg) 

30.1 

32.1 

22.8 

29.7 

37.0 

Fecal lysine of dietary origin (mg) 

—1.4 

—2.9 

6.3 

8.3 

—2.1 

Apparent lysine availability (%) 

95.9 

96.1 

94.9 

94.5 

96.0 

True lysine availability (%) 

100.1 

100.4 

98.9 

98.8 

100.2 
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The essential amino acids in roast beef were found to be 
completely available to the rat under the described experi- 
mental conditions. As is shown in table 4 the true avail- 
abilities of these amino acids ranged from 99.2 to 100.7%. 
The total nitrogen of the meat protein was also found to be 
completely available. This result was to be expected in view 
of the finding of Mitchell et al. (’36) that the protein of beef 
round is completely digestible. It is of interest that roasting 
the beef did not decrease the availability of the amino acids. 

TABLE 4 

True availability of amino acids in roast beef 


EXPERIMENT 1 


AMINO ACID 


Rat number 


EXPERI- 
MENT 2 



l 

2 

3 

4 

5 

values 

Average 

values 


% 

% 

Vo 

% 

% 

Vo 

% 

Arginine 

101.1 

101.2 

100.5 

99.6 

101.2 

100.7 

101.2 

Histidine 

101.3 

100.8 

100.0 

99.6 

100.7 

100.5 

100.2 

Isoleucine 

101.1 

100.5 

99.3 

98.8 

99.8 

99.9 

100.0 

Leucine 

100.3 

100.0 

99.6 

98.5 

100.3 

99.7 

99.9 

Lysine 

100.1 

100.4 

98.9 

98.8 

100.2 

99.7 

100.5 

Methionine 

100.0 

100.9 

99.4 

99.5 

100.7 

300.1 

100.7 

Phenylalanine 

99.7 

99.7 

98.3 

97.0 

98.7 

98.8 

100.8 

Threonine 

99.7 

101.0 

98.6 

98.2 

100.5 

99.7 

300.8 

Tryptophane 

99.0 

100.2 

98.5 

97.9 

100.3 

99.2 

100.1 

Valine 

99.8 

100.2 

99.1 

97.0 

100,2 

99.4 

100.2 

Total nitrogen 

100.4 

101.0 

99.7 

99.1 

99.7 

100.1 



Quite different results were obtained with a sample of 
cottonseed flour 2 . Marked variations in availability of indiv- 
idual amino acids were observed for this foodstuff (table 5). 
Although 93% of the arginine was available to the rat, only 
about 65% of the lysine was available. The values for the 
other amino acids ranged within these extremes. It will be 
noted that the- agreement between values in the same ex- 
periment was satisfactory and that the average values were 


! Proflo. 
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closely duplicated by a 2nd experiment in which a new 
set of animals was used. 

In the case of peanut flour and wheat, a small loss of amino 
acids was found. In contrast with cottonseed flour, this loss 
was rather uniformly distributed among the various amino 
acids in the food. Availability values ranged from 94.8 to 


TABLE 5 

True availability of amino acids in cottonseed flour 


AMINO ACID 



EXPERIMENT' 1 



EXPERI- 
MENT 2 


Rat number 


Average 

values 

Average 

values 

1 

2 

3 

4 

5 


% 

% 

% 

% 

% 

% 

% 

Arginine 

94.2 

93.3 

93.0 

94.3 

93.7 

93.7 

93.4 

Histidine 

90.5 

88.0 

87.2 

89.7 

89.3 

88.9 

89.9 

Isoleucine 

82.9 

81.7 

81.0 

83.7 

83.0 

82.5 

78.2 

Leucine 

83.9 

80.4 

78.6 

81.6 

79.5 

78.8 

75.4 

Lysine 

65.7 

59.5 

62.3 

66.1 

64.6 

63.6 

64.5 

Methionine 

82.3 

79.8 

77.3 

82.4 

81.7 

80.7 

81.6 

Phenylalanine 

87.1 

85.8 

85.6 * 

88.0 

86.7 

86.6 

88.6 

Threonine 

79.4 

76.0 

77.2 

80.4 

78.4 

78.3 

76.6 

Tryptophane 

87.7 

87.7 

90.4 

90.0 

90.7 

89.3 

90.8 

Valine 

81.4 

79.1 

77.0 

74.1 

81.8 

76.7 

78.6 

Total nitrogen 

88.3 

87.5 

86.7 

88.1 

87.5 

87.6 



99.5% for peanut flour and from 92.8 to 98.8% for wheat 
(table 6). 

Investigations of the type reported here are subject to the 
criticism that bacterial action in the lower intestine may have 
altered the distribution of amino acids in the feces. Complete 
evidence that errors due to this cause are quantitatively 
insignificant, will require further investigation. It appears 
unlikely that the high percentage of lysine found in the feces 
from the animals fed cottonseed flour was due to bacterial 
synthesis. 

The results indicate that in certain cases information on the 
amino acid content of foodstuffs will be quite inadequate for 
evaluating the protein unless availability data are also ob- 
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tained. While close correlation was found between nitrogen 
and amino acid availabilities for roast beef, peanut meal and 
wheat, there were marked exceptions in the case of cottonseed 
meal. Further investigation will be necessary in order to 
determine whether such variations in individual amino acid 
availability in a single foodstuff are to be generally expected 
or whether cottonseed meal and soybean meal (Melnick et al., 
’46) are unusual exceptions. 

TABLE 6 


True availability of amino acids in peanut flour and wheat 


amino acid 

TllUE AVAILABILITY 3 


Peanut flour 

Wheat 


% 

% 

Arginine 

99.5 

96.4 

Histidine 

98.8 

98.8 

Isoleucine 

97.2 

95.0 

Leucine 

97.0 

95.4 

Lysine 

97.0 

92.8 

Methionine 

95.8 

94.9 

Phenylalanine 

97.9 

96.9 

Threonine 

94.8 

92.2 

Tryptophane 

97.2 

93.2 

Valine 

95.8 

93.2 

Total nitrogen 

97.7 

95.0 


1 Average values based on groups of 5 animals enoli. 


It is probable that changes in the manufacturing procedure 
may influence the availability of amino acids in cottonseed 
products. All of the materials studied in this investigation 
were finely ground. The extent to which this may have in- 
fluenced amino acid availability is not known. 

SUMMARY 

1. It was found that all 10 of the essential amino acids in 
roast beef are completely available to the rat. 

2. Wide variations occurred in the availability of the 
individual amino acids in cottonseed flour. Lysine in this 
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protein source was only 65% available. The corresponding 
value for arginine in the same sample was 93%. 

3. The availability of each of the essential amino acids in 
wheat and peanut flour was found to be relatively high. For 
wheat the values ranged from 92.2 to 98.8%, and for peanut 
flour from 94.8 to 99.5%. 
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It is well established that turkey poults require vitamins 
A, I), E, and riboflavin, pyridoxin e, pantothenic acid, nicotinic 
acid, choline, and vitamin B,.. They probably need vitamin 
K and they undoubtedly require thiamine, though so far as 
we are aware, no data on these points have been published, 
and it has boon reported that they need inositol. 

Richardson, Hogan and Kempster (’45) diluted a practical 
ration with a synthetic diet and observed that turkey poults 
which consumed it developed a spastic cervical paralysis. 
If the ration was not changed, death usually followed within 
2 or 8 days. If pteroylglutamic acid was added to the diluted 
ration, the poults grow normally and, except for isolated cases 
of porosis, t hey were free from abnormalities. Jukes, Stokstad 
and Kelt (’47), Russell, Taylor and Derby (’47) and Schwei- 
gert, Herman, Pearson and Sherwood (’48) confirmed the 
observations of Richardson, Hogan and Kempster. Jukes et 
al. noted that when the diet was deficient in pteroylglutamic 
acid, the erythrocytes were somewhat larger and more elon- 
gated than is normal. They estimated that the poult requires 
80 Mg of the vitamin per 100 gm of ration. Russell, Taylor 
and Derby arrived at a much higher estimate, 200 ug %• In 

1 Contribution from the Missouri Agricultural Experiment Station, Journal 
Series no. 1102. Tim data in this manuscript were taken from a thesis submitted 
by Mrs. Linin' in partial fulfillment of the requirements for the A.M. degree. 
Aided by n grant from Burke, Davis and Company. 
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1 group of 8 poults that survived on 150 ag % of pteroyl- 
glutamie acid, there were 4 cases of cervical paralysis. There 
was no paralysis in the group that received 200 ag %. 
Scbweigert and coworkers reported that 80 ag % is insufficient 
for poults when the eggs from which they hatched were laid 
by hens that consumed a ration which contained only 42 ag % 
of the vitamin. Poults from this same group grew normally 
and had a low mortality rate when their diet contained 
200 ag %. However, when the ration of the hens contained 
a liberal amount of pteroylglutamic acid, their poults re- 
sponded as well when the diet contained 80 ag % of pteroyl- 
glutamic acid as when it contained 200 ag %. Three poults, 
from hens on their low PGA diet, developed cervical paraly- 
sis on a diet that contained 20 ag % of pteroylglutamic acid. 
None of the poults developed this symptom when their diet 
contained 80 ag % of the vitamin. 

Briggs (’46) observed a high incidence of perosis in poults 
that received insufficient nicotinic acid and concluded that the 
minimum requirement is at least 3 to 5 mg per 100 gin of diet. 
His data indicated that the diet may have been improved by 
adding 10 mg of this vitamin to his basal diet. Jukes, Stok- 
stad and Belt (’47) confirmed the report by Briggs, and 
noted no perosis in poults when the diets contained either 
5 or 10 mg of niacinamide per 100 gm of food. Jukes et al. 
(’47) also reported that the poult requires inositol. When 
this substance was omitted from the diet, growth was retarded, 
a mild normocytic anemia developed, and some of the er- 
ythrocytes had abnormal nuclei. Patrick and associates (’43) 
reported that the incidence of perosis in poults was not re- 
duced by including inositol in the diet and they apparently 
found no evidence that the poult requires that substance. 

EXPERIMENTAL 

The routine followed in the management of experimental 
turkey poults was described by Richardson, Hogan and Kemp- 
ster (’45). Most of the poults were Standard Bronze, the 
others "were Broadbreasted Bronze. The experimental periods 
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were 4 weeks in length and the weights of the poults and the 
incidence and degree of perosis were recorded at intervals 
of 1 week. A few of the poults were killed before the end of 
the experimental period either because they were crippled 
with perosis or because of infection. In most trials, the mor- 
tality rate was unduly high and seemed to have no relation 

TABLE 1 

Composition of the basal diet 



% 


% 

Casein 

35 

Wood pulp 

3 

Gelatin 

10 

Lard 

10 

Cerolose 

37 

Salts 1 

5 


Vitamins 2 per 100 gm of diet 


Vitamin A 2000 I.U. 

Pyridoxine hydrochloride 

Img 

Yitamin D 

290 AOAC U. 

Ca -pantothenate 

3 mg 

Vitamin E 

2.5 mg 

Nicotinic acid 

5 mg 

2 -me thy 1-1 ,4- 




naphtlioquinono 

2.5 mg 

Choline chloride 

400 mg 

Thiamine hydrochloride 

1 mg 

Biotin 

0.02 mg 

Riboflavin 

1 mg 

Inositol 

100 mg 


Pt eroylglutamic acid;* 1 variable 


1 Richardson and Hogan (’46). 

2 Vitamins A and D were purchased ns a concentrate from Mend Johnson and 
Company, Evansville, Indiana. The pterovlglutnmic acid was generously supplied 
by Dr. T. H. Jukes, Ledcrle Laboratories, Pearl River, New York. All other vita- 
mins wore generously supplied by Dr. D. F. Green of Merck and Company, Inc., 
Rahway, New Jersey. 

3 Extinction coefficients of the sample we used, observed in this laboratory by Dr. 
B. L. O’Dell, indicated a purity of 95% according to the values of Bloom et al. 
(*44), and of 100% according to the values of Stokstad, Hutchings and Subbarow 
( ’46). 

to the adequacy of the diet. It was necessary to ship the 
poults in from some distance and it is believed that delays in 
transit, with exposure to cold and depi’ivation of food and 
water, had reduced the vitality of the weaker poults to a 
low ebb. The rations, described in table 1, were of the sim- 
plified type. The casein, prepared in the laboratory from skim 
milk, was precipitated with hydrochloric acid and extracted 
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thoroughly with dilute acetic acid. The composition of the 
basal diet was modified at times in minor respects in at- 
tempts at improvement, but since the modifications proved to 
be of no consequence they have been ignored and the data 
on similar diets have been combined. The basal diet most 
frequently used is described in table 1. 

The amount of pteroylglutamic acid required 
by the turkey poult 

The growth rates reported in table 2 were highly variable 
but the weights were inferior when the rations contained less 

TABLE 2 


The amount of pteroylglutamic acid required by the turlcey poult 


GRorp 1 

l 

2 

3 

4 

5 

6 

7 

Pteroylglutamic 
acid (mg/100 gm) 

0.01 

0.025 

0.05 

0.1 

0.15 

0.2 

0.3-0 .4 

No. of separate trials 

2 

1 

4 

6 

1 

12 

8 

No. of poults 

20 

10 

39 

54 

6 

107 

74 

No. of poults killed 2 

0 

0 

0 

2 

0 

7 

7 

Mortality ( % ) 

75 

70 

51 

18 

17 

22 

4 

Hematoerit 3 reading (9r ) 

32 

35 

35 

33 

36 

38 

36 

Hemoglobin 3 in blood (%) 

7.4 

S.2 

8.5 

5.8 

6.9 

8.4 

8.7 

Perosis {%) 

0 

0 

7.7 

9 

17 

7.4 

12 

Perosis (score) 

0 

0 

50 

55 

25 

85 

60 

Cervical paralysis (%) 

85 

50 

16 

3.7 

0 

0 

0 

Broken feathers ( % ) 

100 

100 

53 

19 

60 

8 

6 

Broken feathers (score) 

3.7 

3.5 

3.4 

o 

3 

1.3 

1 

Avg. weight at 4 weeks (gm) 

277 

198 

332 

373 

334 

501 

451 


1 As a rule the diets contained 100 mg % of inositol but the exceptions are not 
shown separately since they had no appreciable effect on the results. 

2 Perosis or diarrhea. 

3 Taken at 3 weeks. 


than 0.2 mg % of the vitamin. The ponlts grew as rapidly 
when the diet contained 0.2 mg % of the vitamin as when 
it contained larger amounts. The poults that received 0.2 
mg %. had an average weight of 501 gm at 4 weeks. We were 
unahle to separate the sexes at that age, but presumably the 
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number of males aiul females was about the same. No at- 
tempt was made to search the literature for maximum growth 
rates, but the highest weight at 4 weeks recorded in our files 
was approximately 500 gm for males. Turkey poults grow 
rapidly on synthetic diets that are properly constructed. 

When the diet contained less than 0.1 mg % of the vitamin, 
the mortality rate was increased, and of the 54 poults that 
received the diet which contained 0.1 mg %, 2 developed typ- 
ical cervical paralysis. As the amount of the vitamin was 
reduced, the incidence of paralysis increased. 

When the poults were 3 weeks old the hematocrit volume 
was determined by the method of Van Allen (’25). The 
blood for hemoglobin determinations was drawn from the 
ulnar vein and 0.05 ml was hemolyzed in 10 ml of distilled 
water. Two drops of concentrated ammonium hydroxide were 
added and the mixture was centrifuged for 20 minutes. Cen- 
trifugation was completed within 10 minutes after the am- 
monia had been added. A Pfaltz and Bauer protoelectric 
colorimeter, equipped with a 540 filter, was used for the 
hemoglobin determinations. With the aid of a standard re- 
sponse curve the deflection of the galvanometer was converted 
into percentage of hemoglobin in the blood. 

The percentage of hemoglobin in the blood and the red cell 
volume were determined for each poult included in table 2, 
and the poults which received either 0.1 or 0.15 mg % of 
pteroylglutmnic acid wore mildly anemic. It was unexpected 
that these poults would be more anemic than were those that 
received still smaller amounts of vitamin B„ and presumably 
this was due to the fact that the more susceptible poults in 
groups 1, 2, and 3 had died before the determinations -were 
made. This difference was not reported by Russell, Taylor 
and Derby (’47), possibly because their observations were 
made when the poults were older. There was no correlation 
between the incidence of perosis and the amount of vitamin 
B c in the diet. The percentage of perosis shown in table 2 is the 
per cent of poults that developed the abnormality. The “de- 
gree of perosis” is an empirical rating of its severity. Mild 
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cases with swollen joints were marked 25. Moderate cases 
with markedly swollen joints and 1 foot turned to the side were 
marked 50. Severe eases in which the tendon of Achilles had 
slipped from the chondyle were marked 75. The most severe 
cases in which the poults had lost control of both legs were 
marked 100. It will be noted in table 2 that the incidence of 
perosis was not reduced when the amount of pteroylgiutamic 
acid in the diet was raised to 0.3 mg %. Presumably this diet 
contained ample amounts of all recognized nutrients that are 
required to prevent perosis. The occurrence of the abnor- 
mality under these circumstances is regarded as evidence that 
the diet is still deficient in an unrecognized essential nutrient. 

Several investigators have reported that the feathers are 
imperfect when chicks receive insufficient pteroylgiutamic 
acid, and Bussell, Taylor and Derby (’47) had the same ex- 
perience with turkeys. Our observations on this point are de- 
scribed in table 2. The percentage of broken feathers is the 
percentage of poults affected. The score indicates the degree 
of damage. A score of 0 indicates perfect feathers and a score 
of 4 indicates the most extreme damage. It will be noted that 
when the diet contained less than 0.2 mg % of pteroylgiutamic 
acid, the percentage of affected poults was high and the dam- 
age was extensive. When the diet contained 0.2 mg % or 
more of the vitamin, the condition of the feathers was vastly 
improved, but still they were not perfect. The close confine- 
ment may have contributed to the imperfections, but to us 
it seems probable that the synthetic diets were not entirely 
adequate and that a mild nutritional deficiency is the ex- 
planation of the minor defects in groups 0 and 7 of table 2. 

Our data show that the minimum requirement of the turkey 
poult for pteroylgiutamic acid is more than 0.15 mg % of the 
diet but not over 0.2 mg c /c. It may be, though, that the mini- 
mum requirement depends in some degree on the other 
constituents of the diet as was reported for chicks by Luckey, 
Moore, Elvehjem and Hart (’40). It is also possible that the 
minimum requirement depends in some degree on the previous 
history of the poults, as reported by Schweigert, German, 
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Pearson and Sherwood (’48). Tt seems reasonable, though, 
that the minimum allowance recommended for commercial 
practice should meet the maximum requirement. 

The results of a more intensive study of the cellular con- 
stituents are summarized in table 3. The erythrocytes were 
counted by the method of Wiseman as described by Biester 
and Devries (’43, chap. 4, p. 69), and the leucocytes were 
counted by the method of Blain ( ’27- ’28). The 2-slide method 


TABLE 3 

Observations on cellular coyistituents of the blood 


GROUP 

l 

2 

3 

4 1 

Pter oylglutamie ae id ( mg/ 10 0 gm ) 

0.10 

0.15 

0.20 


No. of poults in group 

8 

5 

13 

10 

Avg. wt. of poults at 4 weeks (gm) 

265 

334 

440 

432 

Hemoglobin in blood ( r /c) 

6.1 

6.9 

8.9 

9.2 

Hematocrit reading (%) 

30 

36 

42 

40 

Erythrocytes/ 10° per mm !l 

1.82 

1.61 

2.43 

2.25 

Leucocytes, 10 8 per nun" 

12.8 

17.2 

20.6 

24.8 

Lymphocytes, 10 n per unu" 

5.965 

10.303 

9.085 

11.855 

Heterophils, 10 :I per mm® 

6.016 

5.710 

10.332 

11.507 

Eosinophils, 10 3 per nun 9 

0.128 

0.258 

0.241 

0.3° 7 

Basophils, 10 s per mm 3 

0.371 

0.516 

0.812 

0.794 

Monocytes, 10 3 per mm 3 

0.294 

0.396 

0.127 

0.248 

Thrombocytes, 10 s per mm 3 

18.230 

17.450 

33.400 

36 680 


1 Practical control ration. 

■ All cellular constituents were counted on 5 poults in each group. 


was used in making the smears for the differential white cell 
counts. 2 The blood was taken from the ulnar vein and the 
first drop was always discarded. The films were stained with 
Wilson’s blood stain (200 mg of Wilson’s stain dissolved in 
50 ml of acetone-free methyl alcohol). After drying the blood 
film in the air, without previous fixation, the smear was cov- 
ered with an excess of the stain. One and one-half minutes 
after the addition of the stain neutral distilled water was 
added, in a quantity equal to that of the staining fluid. The 

2 Wc are indebted to Dr. II. C. MeDougle who developed the method and taught 
us how to use it. 
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mixture was allowed to stand for about 2 minutes (until a 
greenish film had formed on top of the staining mixture) and 
the preparation was washed with neutral distilled water for 
about 30 seconds, or until the thinner portions of the film be- 
came a bluish-purple in color. Schmeisser’s method (’15) was 
used in making the classifications. Three hundred white blood 
cells were counted in each smear. Groups 2 and 3, which re- 
ceived 0.1 and 0.15 mg % of vitamin B c , developed a mild 
macrocytic anemia. The erythrocytes also developed other 
abnormalities, including anisocytosis, poikilocytosis and mot- 
tled and abnormally shaped nuclei. The poults that received 
.0.2 mg °/o had about the same erythrocyte count, hematocrit 
reading and percentage of hemoglobin in the blood, as did the 
poults that consumed the practical control ration. When the 
ration contained 0.1 mg % of vitamin B c there was a marked 
reduction in the number of thrombocytes and leucocytes, in- 
cluding both lymphocytes and granulocytes. When the ration 
contained 0.15 mg % of vitamin B c , the blood still had only 
one-half the normal number of thrombocytes, but the average 
number of leucocytes was only slightly depressed. Two of the 
5 poults examined had a granulocyte deficiency. The leucocytes 
were also enlarged, with mottled and abnormally shaped nu- 
clei. When the ration contained 0.2 mg % of pteroylglutamic 
acid, as in group 3, there was a slight but consistent decrease 
in the number of both thrombocytes and leucocytes. These 
counts leave the impression that even though the synthetic 
diets support an excellent rate of growth they are still slightly 
inadequate. There were some inconsistencies between groups, 
but presumably these could be explained by the variability of 
the poults at the time they reached the laboratory. 

The requirement of the turkey poult for inositol 

Our data on this point are shown in table 4 and give no 
definite indication that the amount of inositol in the diet 
has any influence on the weight, the number of red cells, the 
percentage of hemoglobin in the blood, or the differential cell 
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counts. However, when inositol was omitted from the diet, 
the leucocyte counts were lower than when it was added and 
the difference was statistically significant. Jukes and asso- 
ciates (’47) reported that when turkey poults received insuf- 
ficient inositol they were mildly anemic and the erythrocytes 
were slightly abnormal. It is our , view that the abnormality 
was due to a slight inadequacy in the supply of pteroylglu- 
tamic acid. Jukes et al. did not report leucocyte counts. 

TABLE 4 


The requirement of the turkey poult for inositol 


a roup 

l 

2 

3 

4 

Inositol (nig/ 100 gm) 

100 

0 

100 

0 

No. of poults 

10 

6 

7 

7 

No. of poults killed 3 

0 

0 

2 

0 

No. of poults survived 

8 

6 

5 

5 

Hematocrit reading (%) 

43 

43 

41 

40 

Hemoglobin in blood (%) 

9.2 

9.6 

8.6 

8.4 

Erythrocytes/ 10* per mm 3 

2.47 

1.97 

2.38 

2.38 

Leucocytes/ 10 3 per mm 3 

21.6 

16.4 

19.6 

15.4 

Thrombocytes/ 10 3 per nun 3 

32.02 

25.66 

34.78 

34.28 

Perosis (%) 

30 

17 

0 

14 

Perosis (score) 

75 

25 

0 

50 

Avg. weight at 4 weeks (gm) 

452 

408 

428 

489 


1 The basal ration contained 0.2-0.3 mg pteroylglutamie aeid per 100 gm. 

* Groups 3 and 4 were under observation at a later date than those in groups 1 
and 2. They are shown separately in order to illustrate the variability in weight. 

* Porosis or diarrhea. 

4 The cellular constituents were counted on 5 poults in each group. 

The relation between nicotinic acid and the incidence 
of perosis 

None of our diets contained less than 5 mg % of nicotinic 
acid, which is more than enough to prevent any specific 
symptoms of a deficiency. Briggs (’46) and Jukes and as- 
sociates (’47) have presented evidence which indicates a rela- 
tion between nicotinic acid and the incidence of perosis. Our 
data, presented in table 5, indicate that when the amount of 
nicotinic acid added to the basal synthetic diet was increased 
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from 5 to 10 mg % the incidence of perosis, and the severity 
of the abnormality, were decreased by about 50%. However, 
the syndrome was never completely prevented in poults which 
grew rapidly, which suggests that an unexplained factor is 
involved in the abnormality. 


TABLE 5 

The relation between nicotinic acid and the incidence of perosis 


GROUP 1 

l 

2 

Nicotinic acid (mg/100 gm) 

5 

10 

No. of separate trials 

6 

6 

No. of poults 

57 

55 

No. of poults killed 2 

4 

o 

Mortality (%) 

12 

7 

Hematocrit reading (%) 

37 

37 

, . Hemoglobin in blood (#) 

8.5 

8.7 

Perosis (%) 

19.3 

7.3 

Perosis (score) 

87 

58 

Avg. weight at 4 weeks (gm) 

445 

467 


1 The basal ration contained 0.2-0. 3 mg pteroylglutamic acid per 100 gm. 

2 Perosis or diarrhea. 


SUMMARY AND CONCLUSIONS 

1. The amount of pteroylglutamic acid required by the 
turkey poult for maximum growth and normal development 
is approximately 0.2 mg %. 

2. Under our experimental conditions the addition of in- 
ositol had no appreciable effect on either growth or the 
differential leucocyte count. When inositol was omitted from 
the diet the number of leucocytes was subnormal. 

3. The incidence of perosis in turkey poults was decreased 
by increasing the nicotinic acid content of the diet from 5 to 
10 mg %. Perosis was never completely absent in spite of the 
fact that the rations contained all factors known at present 
to prevent it. 
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The biological activity of the carotenoid pigments appar- 
ently depends upon the ability of the animal body to convert 
these pigments into vitamin A. Guggenheim ( ’44), Fraps and 
and Meinke (’45) and Keminerer and Fraps (’45) in experi- 
ments with rats have shown that the carotenes from different 
food sources are not equally well utilized. _ In a series of ex- 
periments with human subjects, Booher, Callison and Hewston 
(’39) and Booher and Callison (’39) have also shown that 
carotenes from various sources have different biological 
values. Their investigations also demonstrated that the hu- 
man subject is less efficient than the rat in the utilization of 
carotene as a source of vitamin A. It appears, therefore, 
that neither chemical analysis nor biological assay by the rat- 
growth method of foods containing carotene can be depended 
upon as a measure of the vitamin A value for human beings. 

The investigation of the utilization of carotenes is made 
difficult, as compared with the water-soluble vitamins, by the 
fact that vitamin A is stored in the liver in relatively large 

Published by permission of the Director of the Hawaii Agricultural Experi- 
ment Station as Technical Paper no. 169. 

3 Present address, Department of Agricultural and Biological Chemistry, The 
Pennsylvania State College, State College, Pennsylvnia. 


381 



382 


EVA HARTZLER 


amounts and may be retained for long periods of time. Sub- 
jects must, therefore, be depleted of their reserve stores of 
vitamin A before any experimental work can be carried out. 
An increase in the dark adaptation time (night blindness) has 
generally been used as the criterion for determining the point 
at which the reserve vitamin A has been exhausted. The dark 
adaptation time has also been used for measuring the response 
to vitamin A supplementation. This method has, however, 
been criticized on the basis of non-speeiiicity. Also the studies 
of Bodansky, Lewis and Haig (’41) and Lewis, Bodansky, 
Falk and McGuire ( ’42) provide data which lead to the con- 
clusion that the level of vitamin A in the blood plasma may be 
a more sensitive index of vitamin A-status than the dark 
adaptation time. 

The following study was carried out in an effort to deter- 
mine the feasibility of using the level of vitamin A in the 
blood plasma as a measure of the utilization of carotenoids by 
humans. 

EXPERIMENTAL 

The general plan of the experiment was to place a human 
subject on a vitamin A-low diet until the level of vitamin A in 
the blood plasma dropped significantly. The individual would 
be standardized by determining the changes in the blood level 
resulting from the administration of known amounts of vita- 
min A. The subject could then be used to measure the effici- 
ency of the utilization of carotenoids by measuring the level 
of vitamin A in the blood after the administration of known 
amounts of the test food. The subject studied was a female, 
34 years old and in good general health. 

Experimental periods 

The experiment which lasted over 2 years was divided into 
3 periods. 

1. Preliminary period. This lasted for 49 days, with the 
subject on a normal diet, during which the carotene and vita- 
min A of the blood were determined at frequent intervals in 
order to have a measure of the normal levels for this subject. 
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5. Depletion period. The subject received a vitamin A-low 
diet in order to exhaust the reserve supply of vitamin A. This 
period covered 598 days, but included 2 rather extended 
periods of interruption. The time was divided as follows: 
depletion — 166 days; interruption — 72 days; depletion — 
81 days ; interruption — 164 days ; depletion — 115 days. The 
total number of days actually on the depletion diet was 362. 
The periods of interruption were not planned as part of the 
experiment, but were the result of unexpected circumstances 
which caused the subject to be away from the laboratory for 
these periods. 

■3. Experimental period. This was 112 days, during which 
the subject remained on the depletion diet, but received sup- 
plements of vitamin A or papaya. 

Diet 

The vitamin A-low diet, which was estimated to contain 
100-200 I.U. vitamin A per day, was similar to that of Booher 
et al. (’39). A vitamin capsule containing vitamins of the B- 
complex and ascorbic acid was taken daily and an iron tablet 
was taken 3 times each week. This diet is referred to as the 
basal diet. 

During periods when the experiment was interrupted, the 
subject ate a normal diet except that foods unusually rich in 
vitamin A activity such as liver, carrots and spinach were 
avoided. This diet is referred to as the normal-restricted diet. 

No attempt was made to regulate the dietary intake of vita- 
min E and no supplements of this vitamin were taken during 
the depletion period. During the periods of vitamin A supple- 
mentation, 100 mg of a vitamin E concentrate * containing 
34% natural mixed tocopherols were administered with the 
vitamin A supplement. Thus the possibility of variation in 
the utilization of the vitamin A of the supplements due to the 
influence of vitamin E was removed, since this factor was 
always present in adequate amounts. 

3 Distillation Products, Inc., Rochester, N.Y. 
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Determination of blood levels 

The levels of vitamin A and carotene in the blood were de- 
termined at frequent intervals during the preliminary period, 
at least once a week during the depletion period, and at least 
twice a week during the experimental period. The blood sam- 
ples, which were taken in the morning, were analyzed for both 
vitamin A and carotene according to the method of Kimble 
( ’39) using 5 ml of plasma. The factors used to convert the 
L values obtained with the Evelyn colorimeter to International 
TJnits of vitamin A and pg of carotene and also the factor 
for correcting L-620 for the presence of carotene were 
determined in this laboratory. For the determination of the 
carotene factor, a sample of crystalline carotene containing 
90% 8-carotene and 10% a-carotene 4 was used. A sample of 
distilled vitamin A esters 5 which had been especially prepared 
for use as a standard was used to determine the factor for 
vitamin A. 

Supplements 

The supplements of vitamin A were administered in the 
form of a distilled vitamin A concentrate suitably diluted 
with cottonseed oil. The original concentrate and the diluted 
samples, which were freshly prepared each week, were as- 
sayed chemically by means of the antimony trichloride re- 
action. 

The papaya supplements were given in the form of a 
frozen puree prepared with the aid of a Waring Blendor. A 
large volume was well-mixed and then placed in half-pint 
packages and quick-frozen. Two separate lots were prepared 
and held in a freezing locker until used. The carotene content 
of each of these lots was determined colorimetrically with the 
Evelyn colorimeter. Samples of frozen papaya were ex- 
tracted according to the procedure of Moore and Ely (’41). 
The extracts were saponified with alcoholic KOH at room 
temperature and the carotenes were transferred to petroleum 

4 S. M. A. Carotene, 

3 Distillation Products, Inc., Rochester, N. Y. 
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ether. The washed and dried extracts were chromatographed 
on Hyflo Super Cel (Wilkes, ’46) and separate determinations 
were made of 3-carotene and cryptoxanthin, the 2 biologically 
active carotenoids found to be present in the papaya. The 
values obtained were converted to International Units of vita- 
min A on the basis that 0.6 pg 3-carotene or 1.2 pg crypto- 
xanthin equals 1.0 I.U. of vitamin A activity. The average 
values for the 2 samples were 1230 and 1500 I.U. per 100 gm, 
of which about 80% was contributed by cryptoxanthin. 

RESULTS AND DISCUSSION 

The changes in the levels of vitamin A and carotene in the 
blood which occurred during the depletion period are shown 
in figure 1. The average and range of 9 values determined 
during the 49 days of the preliminary period were 133 ± 10 
I.U. vitamin A and 149 ± 25 pg carotene per 100 ml of plasma. 



Fig. 1 The levels of vitamin A and carotene in the blood during the depletion 
period. The bar along the bottom of the chart indicates the type of basal diet: 
open spaces — vitamin A deficient diet; lined spaces — more liberal diet, but 
containing no foods very rich in vitamin A. 

The change from a normal diet to the vitamin A-low diet 
resulted in an immediate and sharp drop in the carotene level 
of the blood. This occurred, as expected, each of the 3 times 
that the change was made from a normal to the vitamin A- 
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low diet. The vitamin A level, on the other hand, showed no 
consistent change during the first 140 days, but maintained a 
level between 118 and 140 I.U. per 100 ml. After the first 140 
days a slight drop occurred and the level fluctuated between 
102 and 117 I.U. per 100 ml for the next 24 days. At this 
time, however, the experiment was interrupted and the sub- 
ject changed to the normal-restricted diet. After 72 days the 
subject returned. to the basal diet for 81 days during which 
there was a slight but definite drop, as shown on figure 1, 
from about 120 I.U. vitamin A per 100 ml to about 110 I.U. 
per 100 ml. After a second interruption (164 days), the sub- 
ject returned to the basal diet with a blood plasma vitamin 
A level of about 115 I.U. per 100 ml. The level then dropped 
gradually over a period of 106 days. At the end of this time 
a relatively sharp drop occurred to a level below 90 1.U. vita- 
min A per 100 ml of plasma. Nine days later the blood level was 
76 I.U. per 100 ml — about 60% of the normal value for this 
subject. The subject was, therefore, considered to be suffici- 
ently depleted and supplements were begun. There were no 
other symptoms or evidences of vitamin A depletion such as 
loss of weight, roughness of the skin or subjective night 
blindness. 

Graded doses of vitamin A esters in oil were given in order 
to determine the amout. of vitamin A required per day to 
maintain a blood level only slightly below normal. The ob- 
ject was to meet the daily needs of the body but to prevent 
the accumulation of reserve supplies in the liver so that the 
level in the blood would be dependent upon the intake. The 
amounts given per day and the blood levels found are shown 
in figure 2. The dosage was gradually increased from 2000 1.U. 
to 3500 I.U. per day over a period of 28 days, during which 
there was first a leveling off and then an increase in the level 
of vitamin A in the blood. At the end of 32 days, however, 
there occurred an unexpected drop in the blood level. The 
dosage was, therefore, raised to 10,000 I.U. per day and con- 
tinued at that level for 7 days. During that time the subject 
developed a cold with a temperature of 100 °F. She was then 
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given a more liberal diet pins supplements of from 10,000 to 
100,000 I.TJ. vitamin A per day for 3 days. But, in spite of 
these high doses of vitamin A, the blood level continued to 
fall and reached the low level of 46 I.U. per 100 ml at the end 
of the 3 days. At this point the subject was given 100,000 I.U. 
vitamin A plus about 200 gm of cooked liver. This resulted in 
an increase in the plasma vitamin A to a value of 126 I.U. 
per 100 ml on the following day. 



Fig. 2 The levels of vitamin A and carotene in the blood during the experi- 
mental period. The numbers with tlic arrows indicate I.TJ. of vitamin A adminis- 
tered per day. The bar along the bottom of the chart indicates the type of basal 
diet: open spaces — vitamin A deficient diet; lined spaces — more liberal diet. 


For the next 6 days the subject continued to receive a more 
liberal diet plus 3500 I.U. per day. During this time the plasma 
level was maintained at approximately 110 I.U. vitamin A 
per 100 ml. The experiment was, therefore, resumed and the 
subject was returned to the basal diet plus a supplement of 
3500 I.U. vitamin A per day. This dosage was continued for 
11 days during which the plasma level averaged 111 I.U. per 
100 ml with a range of 103 to 118. The dosage was then re- 
duced to 3000 I.U. per day for 8 days and the blood level 
dropped to 90 I.U. per 100 ml. The level gradually rose again 
to about 100 I.U. per 100 ml when the dosage was restored to 
3500 I.U. per day for 16 days. It was concluded from these 
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data that 3500 I.U. vitamin A per day were required by this 
subject in order to maintain the vitamin A in the plasma at a 
level of 100 to 110 I.U. per 100 ml. 

Supplements of papaya were then given in amounts calcu- 
lated, on the basis of the chemical assays, to provide 3500 1.XJ. 
of vitamin A activity per day. These supplements were fed 
over a period of 28 days during which the average level of 
vitamin A in the plasma rose slightly and averaged 112 I.U. 
per 100 ml. Thus the supplements of papaya were just as 
effective in maintaining the level of vitamin A in the blood 
as the supplements of vitamin A esters in oil — perhaps even 
more so since the trend was rather consistently upward during 
this period. This interpretation is, however, based on the as- 
sumption that the chemical analysis of the papaya samples 
quantitatively measured all the pro-vitamin carotenoids pres- 
ent. Since cryptoxanthin contributed over 80% of the calcu- 
lated vitamin A activity of these samples, it may also be 
concluded that cryptoxanthin was well-utilized by this subject. 

This experiment was unnecessarily long because of the 
interruptions during the depletion period and because of the 
unexpected drop in the plasma level which occurred in the 
middle of the experimental period, probably as the result of 
the subject’s catching a cold. Clausen (’43) and Brenner and 
Boberts (’43) have reported that marked decreases occur in 
the level of vitamin A in the blood of subjects with infections 
or fever. Also this subject was probably depleted more than 
was necessary. The experimental period probably could have 
been started at the end of the first 166 days. 

This experiment has demonstrated that the blood level can 
be used as an index for the study of the utilization of caro- 
tenoids. The level of vitamin A in the plasma of a depleted 
subject was shown to increase or decrease as the amount of 
vitamin A or carotene ingested increased or decreased. The 
data obtained, however, do not indicate that the blood plasma 
level is more sensitive than the dark adaptation time as an 
index of vitamin A nutrition although it is undoubtedly a 
more specific measure. 
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SUMMARY AND CONCLUSIONS 

A single subject was placed on a vitamin A-low diet for 3 
periods of 166, 80 and 115 days, respectively. Between these 
3 periods were 2 periods of moderate vitamin A intake of 73 
and 163 days, respectively. 

The level of carotene in the plasma dropped rapidly each 
time the change was made to the vitamin A-low diet. The 
vitamin A level, on the other hand, did not show any signifi- 
cant change for 140 days, then dropped very gradually over 
a long period of time and finally made a rather abrupt drop. 
This drop was taken to indicate the end of the depletion period. 
The plasma levels were 149 ng carotene and 133 I.U. vitamin 
A per 100 ml when the experiments began and 15 gg carotene 
and 76 I.IT. vitamin A per 100 ml at the end of the depletion 
period. 

The feeding of increasing amounts of vitamin A (distilled 
esters in oil) resulted in a gradual increase in the vitamin A 
level in the plasma. An intake of 3500 1.U. per day maintained 
a level of 100 to 110 I.U. per 100 ml in the plasma and was 
taken to be a satisfactory intake for maintenance for this 
subject. Amounts of papaya which, according to chemical 
assay, provided 3500 I.U. of vitamin A activity per day in 
the form of carotenoids were then fed for 28 days. The plasma 
level of vitamin A was maintained between 100 and 120 dur- 
ing this period showing that the carotenoids of the papaya 
were well-utilized by this subject. Cryptoxanthin contributed 
80% of the estimated vitamin A activity of the papaya 
samples. 

These results show that the plasma level of vitamin A can 
be used as a measure of the utilization of carotenoids by hu- 
man beings. The data obtained, however, do not indicate that 
the blood plasma level is more sensitive than the dark adap- 
tation time as an index of vitamin A nutrition, although it is 
undoubtedly a more specific measure. 
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INTRODUCTION 

It has been reported by several investigators (McCoord and 
Luce-Clausen, ’34; Davies and Moore, ’34; Bauman et al., 
’34; LePage and Pett, ’41) that the percentage utilization 
of dietary vitamin A and carotene is small, due to poor ab-* 
sorption and considerable destruction. Hickman et al. (’42), 
Sherman (’42), and others have demonstrated that the de- 
struction of these constituents can be partially inhibited by the 
simultaneous ingestion of alpha-tocopherol and other fat solu- 
ble antioxidants that are normally present in certain fats and 
oils. Adlersberg and Sobotka ( ’43a) reported that in sprue 
the ingestion of vitamin A did not result in an increase in the 
blood level, but when lecithin was given at the same time there 
was a moderate rise in the serum vitamin A. In normal 
individuals, they (Adlersberg and Sobotka, ’43b) found a rise 
of 41% in the blood 4 hours after a test dose of 18,000 I.U. 
of vitamin A. When lecithin was fed in addition, the rise 
in blood vitamin A was of the order of 200%. Slanetz and 
Scliarf (’43, ’45) observed a greater growth response when 
lecithin was fed to vitamin A-depleted rats along with vitamin 
A and carotene. They demonstrated also that lecithin mark- 

1 Graduate Fellow supported by the Government of India. 
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edly influenced both liver storage and blood levels of vitamin 
A. These authors have postulated that lecithin contains an 
unknown factor which influences carotene and vitamin A 
utilization in the rat. 

In a previous contribution from this laboratory (Esh et al., 
’47), it was observed that when lecithin was fed to cows along 
with vitamin A during the later stages of the gestation period, 
more vitamin A was transferred to the eolostral milk as well 
as to the newborn calves by way of the placenta. Moreover, 
when a mixture of lecithin and vitamin A was added to a skim 
milk ration of newborn calves, they grew quite well and the 
blood vitamin A and liver storage were comparable to those 
of colostrum-fed calves. 

In the investigation reported herein, a study was made in 
rats of the effect of feeding lecithin during the vitamin A de- 
pletion period and during the vitamin A and carotene sup- 
plementation periods on the rate of growth, plasma vitamin 
A level and liver storage of vitamin A. 

EXPERIMENTAL 

Experiment I. Soya lecithin and vitamin A 

Fifty young albino rats reared under comparable conditions 
in our breeding colony were allotted to this experiment at 
weaning (24 days of age). Their weights varied from 48 to 52 
gm. They were divided into 2 groups of equal sex and litter 
distribution and depleted of vitamin A on rations (a) and (b) 
(see table 1). 

The rations were freshly prepared each week and stored in 
a refrigerator. The rats were maintained in individual cages 
and the rations provided ad libitum for 39 days. "Weights 
were recorded weekly for the first 3 weeks and twice weekly 
thereafter. The same feeding and management routine was 
followed in each of the 3 experiments. Four rats were sacri- 
ficed from each group at the end of 3 weeks and a second set 
of 4 from each group at the end of the depletion period (39 
days). The blood from each group of 4 animals was pooled 
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for serum vitamin A analysis and the livers obtained fox- 
individual liver vitamin A storage determination. 

At the end of the depletion period the animals were re- 
grouped as shown in table 2, experiment I. This regrouping 
was done to determine whether there was a carry-over effect 
of the depletion diet to the period of vitamin A supplemen- 
tation. At this point vitamin A supplementation began. 

TABLE 1 


Percentage composition of the basal rations used 


INGKEDIENT 



RATION 



a 

b 

C 

d 

e 

Corn starch 

50 

50 

65 

65 

65 

Commercial dextrose (Cerelose) 

17 

17 




Casein, vitamin free 

18 

18 

18 

18 

18 

Hydrogenated vegetable fat (Crisco) 

10 

8 

12 

10 ‘ 

11.93 

Crude soya lecithin 1 


o 


2 


Choline chloride 





0.07 

Salt mixture 2 

4 

4 

4 

4 

4 

Yeast extract 3 

1 

1 

1 

1 

1 

Distilled water 

Ad libitum 





1 “Control II.” Lecithin from Central Soya Company, Ine., containing 65% 
phosphatides suspended in 35% soybean oil. The phosphatides consist of approxi- 
mately 50% lecithin and 50% cephalin. 

*U.S.P. XII mixture no. 2 for vitamin A-free ration, to which were added 
traces of KI and CuS0 4 . 

8 Yeast extract supplied through the courtesy of Mead Johnson and Co., Evans- 
ville, Indiana. 


A concentrate of the natural vitamin A ester was diluted 
with cottonseed oil and 5 pg of the vitamin administered to 
each rat daily. The vitamin A feeding was continued for 21 
days. The rats were then sacrificed, the blood from each group 
pooled for serum vitamin A determination, and the livers 
obtained for individual liver vitamin A storage estimation. 


Experiment IT. Soya lecithin, choline and vitamin A 

Since choline is a physiologically important group in the 
lecithin molecule, the results obtained in experiment I 
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prompted an investigation of the effect of choline on the ab- 
sorption and liver storage of vitamin A. Fifty-four weanling 
albino rats from the same breeding colony, and raised under 
similar conditions, were divided into 3 groups of equal sex 
and litter distribution and depleted of vitamin A on rations 
(c), (d), and (e) (see table 1). The amount of choline included 


TABLE 2 

Distribution of the experimental animals in the various dietary groups of 
the 8 experiments 



'The letter following the number indicates the ration (see table 1). 

3 Four animals from each of these groups were sacrificed at the end of 3 weeks 
and 4 more at the end of the depletion period. Two died. 


in ration (e) was that calculated to be in the lecithin added to 
ration (d). This amount is substantially greater than that fed 
by Slanetz and Scharf (’45). 

At the end of the depletion period (39 days) each original 
group was again divided into 3 groups as indicated in table 2 
and 5 pg of vitamin A ester administered daily for the next 21 
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days. At the end of the 21-day repletion period the animals 
were exsanguinated and the livers obtained for vitamin A 
assay. 

Experiment III. Soya lecithin, choline and carotene 

This experiment was undertaken in an attempt to verify 
the unexpected effect of choline feeding and to study the 
effect of choline, lecithin and carotene feeding on the liver 
storage of vitamin A. 

Forty-two weanling albino rats were divided into 2 com- 
, parable groups and depleted of vitamin A on rations (c) and 
(d) (see table 1). At the end of the' depletion period (39 days) 
the animals were allotted to 6 sub-groups as indicated in 
table 2, experiment III. For the next 21 days each rat re- 
ceived a daily dose of 20 gg of 3-carotene in cottonseed oil 
solution. Twenty-four hours after the last carotene feeding 
the animals were exsanguinated and the livers removed for 
assay. 

Assay-procedure 

Blood serum vitamin A was determined by the method of 
Kimble (’39). Vitamin A was determined on the entire liver 
by the method of Lewis et al. ( ’42) with minor modifications. 

RESULTS 
Experiment 1 

The rats in the lecithin group made more rapid and greater 
weight, gains during the depletion period. Weights of the 
animals on the basal vitamin A-free ration remained almost 
constant after 2 weeks, while the lecithin-fed group continued 
to gain until near the end of the depletion period. During the 
second week there was a decrease in the weight of both groups. 
The cause of this unexpected change is not certain. It is 
thought to have resulted from the extremely hot weather dur- 
ing the week. 

Three rats in the lecithin group showed symptoms of vita- 
min A deficiency after 4 weeks. Toward the end of the deple- 
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tion period many of the rats of both groups showed the classic 
symptoms of avitaminosis A. Two of them died after 35 days. 

The results of the vitamin A analyses of the blood sera and 
livers of the rats sacrificed at the end of 3 w T eeks and at the 
end of the depletion period are presented in table 3. It will 
be noted that the liver reserves were low at the end of 3 
weeks and essentially exhausted at the end of the depletion 
period. Although the data are limited, the results indicate 
that the liver reserves are exhausted more rapidly when leci- 
thin is fed and this is accompanied by lower blood serum vit- 
amin A values. 

During the vitamin A supplement feeding period the rats 
which received lecithin made greater weight gains, as shown 
in table 4. The liver storage of vitamin A was also greater 
in the lecithin-fed group. A statistical analysis of the liver 
storage data showed significance at the 1% level. 

There appears to be a slight carry-over effect of lecithin 
feeding during the depletion period but this effect was not 
found to be statistically significant. The serum vitamin A at 
the end of the repletion period was found to be slightly lower 
when lecithin was fed. These blood data are too few for 
statistical analysis. Similar results were obtained in exper- 
iment III, however, as shown in table 7. 

A preliminary inspection of the data indicated a sex dif- 
ference in liver storage of vitamin A. This was verified by a 
statistical analysis of the data for the sexes presented in 
table 8. 


Experiment II 

The results of this experiment are summarized in table 5. 
During the depletion period both the lecithin- and choline-fed 
groups made greater weight gains than the control (basal) 
group. An analysis of these data showed the difference be- 
tween the gains of the lecithin group and the control group 
to be significant at the 1% level. The difference between the 
choline group and the control group was not significant. 
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As in the first experiment, the liver storage of vitamin A 
was significantly higher (1% level) when lecithin was fed with 
vitamin A. The liver storage in the choline-fed rats was 
not significantly different from that in the control group. 

TABLE 0 

The effect on blood and liver vitamin A of lecithin feeding during 
vitamin A depletion 


DEPLETION HATTON 


AT THE END OF 3 WEEKS 


No. Of 
rats 


Serum A 


Total 
liver A 


AT THE END OF THE 
DEPLETION PERIOD 


No. Of 
rats 


Serum A 


Total 
liver A 




dfff loo ml 

mj 


fig/ 100 ml 


Basal 

4 

18 

1.1 

4 

15 

0.5 

Bn sal -f lecithin 

4 

10 

0.0 

4 

13 

0.3 


TABLE 4 

Effects of lecithin on the rate of growth and liver storage of vitamin A during the 
feeding of vitamin .1 (d fig dailg) for 21 dags Id rats in each dietarg group) 


<{.VTN IN WEIGHT (OM) VITAMIN A (*4a/LIVKR) 

• SUPPLEMENT PERCENTAGE 

in addition Depletion diet Depletion diet of vitamin 

TO VITAMIN A A STORED 

{«• lb) Av. (a) (b) Av. 

Lecithin 32.9 33.2 33,0 20.2 22.8 21.5 20.5 

None 28.0 32.0 30.0 10 4 18.2 17.3 10.5 


TABLE 5 

Effects of lecithin and choline on the rate of growth and liver storage of vitamin A 
during the feeding of vitamin A (5 gg ) daily for 21 dags 



(0 

rats in < 

•ach dietary group) 




SUPPLEMENT 

IN ADDITION 

GAIN r N WEIGHT 

Depletion diet 1 

VITAMIN A (/to/ LIVER) 

Depletion diet 1 

PER- 
CENTAGE 
OF VTTA- 


(e) fd) 

<«) 

Av. 

(c) 

(A) 

(c) 

Av. 

STORED 

Lecithin 

33.0 30.0 

27.0 

32.0 

17.0 

21.2 

18.0 

18.7 

17.9 

Choline 

20.0 27.3 

22.0 

20.1 

14.0 

12.0 

12.7 

12.0 

12.3 

None 

20.0 27.0 

25.0 

20 0 

12.2 

14.8 

13.1 

13.3 

12 0 

1 Roe table 1 

for description of depletion 

diets. 
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Experiment III 

The weight gains during the depletion period were so sim- 
ilar to those obtained in experiment I, and in the groups fed 
the basal ration and the basal ration plus lecithin of exper- 
iment II, that the data are not reported. Again the lecithin 
basal group made significantly greater (1 % level) gains. The 

TABLE 6 

Comparative effects of lecithin and choline on the rate of growth and liver storage 
of vitamin A and “ carotene ” during the feeding of carotene 
(SO gg daily ) for SI days (6 rats in each dietary group) 


GAIN IN WEIGHT (SSl) VITAMIN A (/XG/ LIVER) 


"CAROTENE” 


SUPPIiffiMElNT 
IN ADDITION 
TO CAROTENE 

Depletion diet 

Depletion diet 

Depletion diet 

(c) (d) Av. 

UJtSJNTAUB 
OF VITA- 
MIN A 
STORED 

(c) 

(A) 

Av. 

(c) 

(d) 

Av. 

Lecithin 

25.6 

26.2 

25.9 

65:5 

67.5 

66.5 

3.7 

2.6 

3.1 

32.4 

Choline 

22.0 

24.0 

23.0 

52.9 

58.4 

55.6 

3.7 

2.6 

3.1 

27.2 

None 

14.3 

20.0 

17.0 

51.7 

59.0 

55.3 

2.7 

1.9 

2.3 

26.8 


TABLE 7 

Comparative effects of lecithin and choline on blood serum vitamin A following the 
feeding of vitamin A (6 fig daily) or carotene (SO fig daily) for SI days 


SERUM VITAMIN A (/id / 100 ML) 


SUPPLEMENT 

IN ADDITION 

TO VITA MIN A 

OR CAROTENE 

Vitamin A supplemented groups 
(8 rats in each group) 

< ’arotene supplemented groups 
(8 rats in, each group) 


Depletion diets 



Depletion diets 



(o) 

(d) 

Av. 

( c ) 

(A) 

Av. 

Leeithin 

32.9 

37.4 

35.1 

42.5 

37.3 

39.9 

Choline 




45.2 

42.3 

43.7 

None 

36.5 

41.5 

39.0 

45.2 

39.9 

42.5 


results of the carotene supplementation are summarized in 
tables 6 and 7. When either lecithin or choline was fed with 
the carotene, the weight gains were greater (1% level of sig- 
nificance) than when carotene was fed with the basal diet 
alone. There was no significant carry-over effect of the de- 
pletion diets. The lecithin-supplemented group stored more 
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vitamin A (significant at the 1 % level) than either of the 
other 2 groups, and choline produced no effect in this respect. 

It will be noted that small amounts of pigment estimated as 
“carotene” were found in the livers following carotene feed- 
ing. Both “carotene” and vitamin A were converted to 
International Units (micrograms carotene X 1-66 plus mi- 
crograms vitamin A X 3.33) and the percentage storage cal- 
culated. While the general pattern of storage on the various 
diets was similar to that when vitamin A was fed (experi- 
ments I and II), a higher percentage storage was obtained 
when 20 pg of carotene were fed. 

TABLE 8 

Influence of sex on the liver storage of vitamin A in rats fed 5 fig of vitamin A or 

20 fiff of carotene daily 


SUPPLEMENT 

IN ADDITION 

TO VITAMIN A 
OB CAROTENE 

NO. 

ov 

RATS 

average nrvER 
STORAGE Uo) 

* 9 

DIFFERENCE 
BETWEEN cf 
AND 9 OF 
SAME GROXTP 

difference 

BETWEEN cT 
OF LECITHIN 
AND NON- 
LEOITHIN 
GROUP 

DIFFERENCE 
BETWEEN $ 
OF LECITHIN 
AND NON- 
LBOITHIN 
GROUP 




% 

% 

% 



Vitamin A-fed 

groups 



None 

16 

14.6 20.7 

41.6 1 



Lecithin 

16 

19.4 24.3 

25.1 8 

32.5 1 

17.1 3 



Carotene-fed groups 



None 

12 

45.4 65.3 

43.8 ’ 



Choline 

12 

44.6 66.8 

49.8* 

. . . 


Lecithin 

12 

56.8 76.5 

34.7 1 

25.1 a 

1 7.2 3 


1 Significant at the* 1% level (probability of happening by chance 1 in 100). 
Significant at the .“Of level (probability of happening by chance 1 in 20). 

* Not significant. 


As in the previous experiments, a sex difference in vitamin 
A storage was evident. The liver storage data are summar- 
ized by sex in table 8. The sex difference in liver vitamin A 
storage was highly significant, regardless of the supplement 
fed in addition to carotene. 

Again, as in the previous experiments, the blood plasma 
vitamin A was lower in the group which received both lecithin 
and carotene. 
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DISCUSSION 

Several investigators (Brenner et al., ’42; Davies and 
Moore, ’35; Horton et al., ’41; Popper and Greenberg, ’41) 
have observed the rapid loss of vitamin A reserves in rats 
fed a vitamin A-free diet. The feeding of lecithin appears 
to hasten the decline in liver stores, but the superior growth 
response indicates either that the loss of the vitamin by 
destructive breakdown is retarded, or that greater economy 
is effected in its functional metabolic processes. 

Adler sberg and Sobotka (’43b) and Augur et al (’47) have 
shown that lecithin enhances the digestion and absorption of 
fat, and Muelder and Kelly ( ’42) have produced evidence that 
a minimum dietary fat level is necessary for the optimum 
absorption and utilization of vitamin A, which in turn is 
responsible for greater weight gains. In the experiments 
reported herein no vitamin A was fed during the depletion 
period, and the enhanced growth rate accompanied by lower 
levels of vitamin A in both the blood and liver which resulted 
from the addition of lecithin to the depletion diet indicates a 
primary effect on the mobilization and utilization of the vita- 
min A reserves. 

The greater growth response and liver storage of vitamin 
A in the rats receiving both lecithin and vitamin A indicate 
clearly both increased absorption and more effective utiliza- 
tion. The slight carry-over effect of lecithin feeding during 
the depletion period in increasing growth and liver storage 
during the vitamin A repletion period also supports this 
view. 

Greenberg and Popper (’41) and Brenner et al. (’42) dem- 
onstrated the presence of sufficient vitamin A in the retina and 
blood even in the absence of liver stores. This probably ex- 
plains the continuation of growth toward the end of the de- 
pletion period and indicates that lecithin may have aided in 
the mobilization and effective utilization of the vitamin from 
body depots other than the liver. The fact that lower blood 
levels of vitamin A were observed in the animals being fed 
lecithin, even though they gained more weight and stored 
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more of tlie vitamin in the liver, is further evidence that leci- 
thin aids in vitamin A utilization. 

The results of these experiments support the observations 
that lecithin feeding increases liver vitamin A storage, as re- 
ported by Slanetz and Scliarf ( ’45), and conserves the hepatic 
reserves of this vitamin, as reported by Polskin (’40). 

Crude soya lecithin contains a number of compounds 
that might be suspected of being responsible for the observa- 
tions on growth and liver storage of vitamin A. Scharf and 
Slanetz ( ’44) and Patrick and Morgan ( ’44) presented evi- 
dence that a-tocopherol was not the active principle respon- 
sible for these effects. Since choline plays an important role 
in fat metabolism, we considered it of interest to compare 
its effects with those of lecithin under similar experimental 
conditions. 

Choline feeding did not result in greater weight gains dur- 
ing the depletion period or in greater weight gains or in- 
creased liver storage of the vitamin during the vitamin A 
repletion period. The significant carry-over effect of choline 
feeding during the depletion period in decreasing the growth 
response to vitamin A feeding is difficult to explain. Thorb- 
jarnarson and Drummond (’38) observed that vitamin A 
depletion could be accelerated by causing a partial dispersal 
of fat from the liver by the administration of choline. This 
effect was not evident from our experiments. Our clioline-fed 
rats actually grew as well as the control group during the 
depletion period and they did not show deficiency symptoms 
at an earlier date. 

It is possible that the lecithin effect is due to the fatty acids 
of lecithin, since it has been shown by Sherman (’40, ’42) 
that some unsaturated fatty acids aid in the absorption and 
metabolism of vitamin A. A more probable explanation is 
that the lecithin molecule acts as an intact unit, or that the 
crude lecthin used contains some compound other than lecithin, 
choline or a-tocopherol which is the active principle. 

The greater liver storage of vitamin A observed when car- 
otene was fed in these experiments suggests the possibility 
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that, up to a certain point, as the level of intake is increased, 
the percentage stored is increased. 

The evidence in the literature regarding sex differences in 
ability to store vitamin A is conflicting. Lemley et al. (’47) 
reported that there is no sex difference. The results of our 
study support the observation of Brenner et al. (’42) that 
under comparable experimental conditions females store 
appreciably more vitamin A in the liver than males. The ad- 
dition of lecithin to the ration enables either sex to store 
greater amounts of vitamin A in the liver when either 
5 pg of vitamin A ester or 20 Mg' of carotene are fed daily. 

SUMMARY 

A series of 3 experiments were undertaken to study the 
effects of crude soya lecithin and choline on the absorption, 
utilization and storage of vitamin A in laboratory rats. The 
following pertinent observations were made. 

When 2% of the basal vitamin A-free diet consisted of leci- 
thin ( % or % of the fat replaced by lecithin), greater weight 
gains during the depletion period were obtained than when 
0.07 % choline or a similar diet without added lecithin was fed. 
Limited data indicate that liver reserves of vitamin A were 
exhausted slightly more rapidly when the depletion diet con- 
tained added lecithin. 

The feeding of lecithin during the depletion period had a 
slight, although not a statistically significant, carry-over ef- 
fect in increasing the weight gains during the vitamin A re- 
pletion period. On the other hand, choline feeding during de- 
pletion resulted in significantly smaller weight gains during 
the following vitamin A repletion period. 

The feeding of lecithin with a vitamin A or carotene sup- 
plement resulted in greater gains in weight and increased 
liver storage of vitamin A. When choline was fed with these 
supplements, the liver storage of vitamin A was no different 
from that of the groups which received the vitamin supple- 
ment alone. 
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At the levels fed, there was a greater percentage storage of 
vitamin A when 3-carotene wavs the supplement, although 
the weight gains of the vitamin A-supplemented groups were 
greater. 

Females consistently stored more of the vitamin in the liver 
under all the dietary conditions studied. 

The data indicate that lecithin enhances both the absorption 
and utilization of vitamin A and carotene. The choline frac- 
tion of the lecithin molecule is not responsible for this effect. 

ACKNOWLEDGMENT 

The authors gratefully acknowledge the services of Dr. 
A. B. Whitney and the Statistics Laboratory of The Ohio 
State University in the statistical treatment of the data in this 
report. 

LITERATURE CITED 

Adlersberg, D., and H. SOBOTKA 1943a Pat and vitamin A absorption in Sprue 
, and Jejunoileitics. Gastroenterology, 1: 357. 

1943b Influence of lecithin feeding on fat and vitamin A absorption 

in man. J. Nutrition, %, r >: 255. 

Augur, V. A., N. B. Bollman and II. J. Deuel, Jr. 1947 The effect of crude 
lecithin on the coefficient of digestibility anti the rate of absorption 
of fat. J. Nutrition, S3: 177. 

Bauman, C. A., B. M. Busing and H. Steenbock 1934 The absorption and 
storage of vitamin A in tlie rat. J. Biol. Cliem., 107 : 705. 

Brenner, S., M. C. H. Brookes and L. J. Boberts 1942 The relation of liver 
stores to the occurrence of early signs of vitamin A deficiency in the 
white rat. J. Nutrition, S3: 459. 

Davies, A. W M and T. Mgorr 1934 Vitamin A and carotene. XI. The distri- 
bution of vitamin A in the organs of the normal and hypervita- 
minotie rat. Bioehcm. J., 9$: 288. 

— „ 3935 XfL The elimination of vitamin A from the livers of rats 

previously given massive doses of vitamin A concentrate. Bioehcm. J., 
30: 147. 

Esh, G. C., T. 8. Sutton, ,T. W. TIibbb and W. E. Krauss 1947 The effects of 
soya-lecithin on the absorption and utilization of vitamin A. J. 
Animal Sci., 6: 485. 

Greenberg, B., and II. Popper 1941 Demonstration of vitamin A in the retina 
by fluorescence microscopy. Am. J. Physiol., 134: 114. 

Hickman, K. 0. D., P. L. Harris and M. B. Woodbridge 1942 Interrelation- 
ship of vitamins A and E. Nature, ISO: 91. 

Horton, P. B., W. A. Mijrkill and A. C. Curtis 3941 Vitamin A and carotene. 

I. The determination of vitamin A in the blood and liver as an index 
of vitamin A nutrition of the rat. J. Clin. Invest., 30: 387. 



404 


G. C. ESH AND T. S. SUTTON 


Kimble, M. 8. 1939 The photoelectric determination of vitamin A and caro- 
tene in human plasma. J. Lab. Clin. Med., 84: 1055. 

Lemley, J. H., A. Brown, 0. D. Bird and A. D. Emmett 1947 Absorption 
and storage of vitamin A in the liver of the rat. J. Nutrition, 88: 53. 

LePage, G. A., and L. B. Pett 1941 Absorption experiment with vitamin A. 
J. Biol. Chem., 141: 747. 

Lewis, J. M., 0. Bodansky, K. G. Falk and G. McGuire 1942 Vitamin A 
requirements in the rat. The relation of vitamin A intake to growth 
and to concentration of vitamin A in the blood plasma, liver and 
retina. J. Nutrition, 23: 351. 

McCoord, A. B., and E. M. Luce-Clausen 1934 The storage of vitamin A in 
the liver of the rat. J, Nutrition, 7 : 557. 

Mtjklder, K. D., and E. Kelly 1942 The effect of the level of fat in the diet 
upon utilization of vitamin A. J. Nutrition, 23: 335. 

Patrick, H., and C. L. Morgan 1944 Studies on the role of vitamin E in 
chick nutrition. Poultry Sci., 23: 525. 

Polskin, L. J. 1940 Studies on the absorption and retention of vitamin A 
and carotene by the chicken on normal and low fat rations. A thesis 
submitted to Rutgers University, N. J. 

Popper, H., and R. Greenberg 1941 Visualization of vitamin A in rat organs by 
fluorescence microscopy. Arch. Path., 32: 11. 

Scharp, A., AND C. A. Slanetz 1944 Effect of soybean phosphatides on the 
utilization of the fat-soluble vitamins. Proc. Soc. Exp. Biol. Med., 57: 
159. 

Sherman, W. C. 1940 Effect of certain fats upon the utilization of carotene. 
J. Biol. Chem., 133: proc. lxxxix. 

1942 Influence of alpha-tocopherol and unsaturated fatty acids 

upon the utilization of vitamin A. Fed. Proc., 1: 134. 

Slanetz, C. A., and A. Scharf 1943 The effect of phosphatides on util- 
ization of vitamin A and carotene. Proc. Soe. Exp. Biol. Med., 53: 17. 

1945 Effects of soybean phosphatides on vitamin A metabolism. 

J. Nutrition, 80: 239. 

Thorbjarnarson, T., and J. 0. Drummond 1938 Conditions influencing the 
storage of vitamin A in the liver. Bioehem. J., 32: 5. 



DISTRIBUTION AND FRACTIONATION OF THE 
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ONE FIGURE 

(Received for publication April 12, 1948) 

Extensive studies in our laboratory on the nutritional re- 
quirements of the rhesus monkey (Macaca mulatta) have 
shown that this species will grow at a normal rate for extended 
periods of time when given a purified ration supplemented 
with all of the known crystalline B vitamins. However, when 
individual vitamin deficiencies were studied, it was found that 
the monkey frequently would fail to respond completely to 
the administration of the missing vitamin. This was particu- 
larly evident in the case of riboflavin, pyridoxine, pantothenic 
acid and folic acid deficiencies (Cooperman et al., ’45; McCall 
et ah, ’46; Cooperman et al., ’46a). The inclusion of unen- 
riched corn grits in the basal ration at a level of 40% also 
precipitated the condition (Cooperman et al., ’46b). The 
anemia as well as the lack of growth resulting from these 
deficiencies was counteracted by certain crude materials such 
as liver and milk. Consequently, it was postulated that a new 
factor was involved, and it was tentatively named the monkey 
anti-anemia factor (Cooperman et al., ’45). The assay pro- 
cedure developed for measuring this factor consisted of omit- 

1 Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumni Research Foundation and by 
grants from the National Foundation for Infantile Paralysis, Inc., New York. 
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ting a vitamin such as riboflavin from the regimen until the 
monkey had lost weight and developed an anemia. At this 
time, vitamin therapy was instituted with the result that the 
monkey would respond suboptimally to the vitamin. If a 
preparation fed at this point would bring about a weight and 
hematological response, it was concluded that it contained the 
new factor. In the case of the corn grit ration, the condition 
was precipitated even in the presence of all B vitamins. Ad- 
ministering active preparations brought about a weight and 
hematological response comparable to that observed on the 
vitamin deficient rations. 

We are reporting in this paper studies on potential sources 
of the anti-anemia factor, fractionation procedures and pos- 
sible methods for improving the assay procedure. 

EXPERIMENTAL 

The housing, care and handling of the monkeys have been 
described previously (Waisman et al., ’43). The basal ration 
had a percentage composition of sucrose 73, purified casein 18, 
salts IV 4, corn oil 2 and cod liver oil 3, with 40% of the “dry 
mix” replaced by corn grits (Cooperman et al., ’46b). Ade- 
quate amounts of thiamine (lmg), riboflavin (lmg), pyrid- 
oxine hydrochloride (lmg), niacin (5 mg), pantothenic acid 
(3 mg), choline chloride (25 mg), i-inositol (50 mg), p-amino- 
benzoic acid (50 mg), biotin (0.02 mg), folic acid (0.1 mg), and 
ascorbic acid (50 mg) wore fed daily as a separate supplement. 

Monkeys placed on the corn grit ration grew normally for 
3-10 months before showing deficiency symptoms. Eventually 
a plateau or loss in weight occurred, an anemia developed and 
the animals died unless further supplementation was given. 
In the assay procedure, it was required that all animals show 
a plateau or weight loss for at least 1 month before adminis- 
tration of the test material. A 1-month interval was generally 
allowed in order to ascertain the activity of the sample as 
evidenced by a weight response and increase in hemoglobin 
concentration of the blood. Various substances were assayed 
using this technique, and it was found that fresh liver or whole 
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dry liver substance as well as malt sprouts and milk consti- 
tuted the best sources of the factor (Buegamer et al., ’47a). 
Furthermore, upon preliminary fractionation of milk, it was 
found that the activity occurred in the whey fraction (Cooper- 
man et al., ’46c). 

On the basis of this work, a sample of whey solids 2 was fed 
to 1 monkey at a level of 3% of the basal ration. The initial 
weight of the animal was 5020 gm and the hemoglobin 12.6 
gm %. Since no response was seen after the first week, the 
level of whey solids was increased to 6%. No response was 
observed at the end of the third week, and the preparation 
was discontinued (table 1). An active liver preparation was 
then fed for 1 month and the weight of the animal increased 
to 5400 gm, and the hemoglobin rose to 13.7 gm %. 

Since our regular monkeys were frequently kept on a ra- 
tion consisting mainly of raw potatoes and carrots and seemed 
to remain in a fair state of health, 50 gm of raw potatoes and 
carrots were fed to 2 deficient monkeys, respectively. The 
raw potato failed to produce a response, whereas the addition 
of a liver preparation did produce a gain of 540 gm in 2 
months. The carrot supplementation likewise failed to pro- 
duce any increase in either body weight or hemoglobin 
(table 1). 

In the microbiological assay with Streptococcus faecalis 
(American type culture collection no. 8043), whole yellow' 
corn was found to give a greater growth stimulation than 
corn grits (Buegamer et al., ’47a; Cooperman et al., ’46d). 
The activity measured by the S. faecalis assay was originally 
thought to parallel that of the monkey anti-anemia factor. 
Consequently 20% whole yellow corn was fed to 1 monkey at 
the expense of the corn grits in the basal ration. No activity 
could be seen as evidenced by the failure to produce either a 
growth or hemoglobin response in the monkey (table 1). 
Likewise, yeast extract 3 which was active for the microor- 
ganism, was fed to 1 monkey at levels as high as 6% without 

3 Western Condensing Company, Appleton, Wis. 

3 Dif eo. 



TABLE 1 


Bata showing growth and hemoglobin responses to various preparations tested for the monkey 

anti-anemia factor. 


EXPT. 

NO. 

MONKEY 

NO. 

PREPARATION ' , 

DURATION 
OP TEST 

INITIAL 

WT.. 

PINAL 

WT. 

INITIAL 

Hb. 

FINAL 

Hb. 





gm 

gm 

gm % 

gm % 

1 

249 

6% whey solids 

3 wks. 

5020 

5100 

12.64 

12.33 


340 

Acetone extr. s* 5 gm W.L.S/ 

1 mo. 

3580 

3920 

22.91 

14.0 

2 

295 

50 gm raw potato/day 

3 wks. 

4600 

4650 

11.63 

10.43 


290 

Norite eluate ss 18 gm fresh 








liver/day 

2 mo. 

4700 

5240 

8.82 

12.76 

3 

297 

50 gm raw carrot/day 

3 wks. 

4640 

4680 

10.6 

10.01 

4 

189 

20% whole yellow corn 

1 mo. 

5400 

5460 

23.3 

13.38 

5 

296 

6% Difco yeast extr. 

1 mo. 

3880 

3940 

12.33 

12.14 


296 

Ale. extr. liver & 9 gm/day 

1 mo. 

3930 

4380 

11.93 

13.89 

6 

341 

0.5% L-lysine plus 0.5% dl- 








tryptophane 

1 mo. 

3850 

3900 

12.91 

13.17 

7 

277 

0.5 mg folic aeid/day 

3 wks. 

4220 

4230 

13.38 

12.06 

8 

248 

50 mg rutin -(- 50 mg hesperitin 








per day 

1 mo. 

5060 

5120 



9 

276 

1 TJ.S.P. unit/day of reticulogen 








injected 

3 wks. 

3260 

3300 

13.38 

13.23 


277 

15 units/day injected 

3 wks. 

3300 

3300 

13.03 

13.03 


276 

45 units/day injected + 0.25 mg 








B u conjugate 

2 wks. 

3500 

3570 

13.30 

13.03 


277 

45 units/day orally 

3 wks. 

3280 

3280 

12.56 

10.89 


276 

15 units/day -f 24% casein 

1 mo. 

4200 

4200 

12.06 

12.14 


277 

15 units/day orally -f B 0 conj. 








(0.25 mg) 

2 wks. 

3300 

3280 

13.03 

12.56 

10 

276 

1 gm fresh liver/day 

2 wks. 

5000 

4950 

14.28 

14.28 


276 

3 gm fresh liver/day 

3 wks. 

4950 

5050 

14.28 

14.55 


276 

4 gm fresh liver/day 

2 wks. 

5050 

5200 

14.55 

14.55 


297 

4 gm fresh liver/day 

3 wks. 

3830 

4300 

10.43 

13.03 

11 

249 

60%) ale. extra, s* 4 gm liver/day 

3 wks. 

4960 

5000 

13.03 

12.64 


368 

Ale. extr. s* 6 gm liver/day 

2 wks. 

3240 

3300 

12.76 

12.76 


368 

s9gm liver/day 

1 mo. 

3300 

3680 

12.76 

13.88 


277 

s9gm liver/day 

5 wks. 

3280 

3820 

10.89 

14.08 


296 

ss 9 gm liver/day 

1 mo. 

3930 

4380 

1,1.93 

13.89 


340 

s* 9 gm liver/day 

3 wks. 

4680 

5000 

13.38 

14.97 

12 

276 

60% Ale. extr. malt sprouts 








s* 10 gm/day 

1 wk. 

3620 

3620 

13.30 



276 

ss 30 gm/day 

2 wk. 

3620 ■ 

3650 

13.30 

13.03 


276 

& 50 gm/day 

1 mo. 

3650 

3820 

13.03 

13.4 

13 

277 

Ale. extr. tomatoes ss 20 gm/day 

2 wks. 

4220 

4250 

14.08 



277 • 

ss 40 gm/day 

1 wk. 

4250 

4200 

14.08 

13.38 


297 

s* 60 gm/day 

2 wks. 

4700 

4750 

12.06 

10.09 

14 

340 

Acetone extr. & 5 gm W.L.S./day 

1 mo. 

3580 

3920 

12.5 

16.3 

15 

297 

Norite eluate & 12 gm liver/day 

3 wks. 

4430 

4430 

12.56 

10.66 


297 

as 18 gm/day 

3 wks. 

4430 

4640 

10.66 

11.21 


295 

s* 1 8 gm/day 

1 mo. 

4900 

5200 

8.82 

12.76 


1 Whole liver extract. 
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any beneficial effect. An active liver preparation fed after the 
yeast was removed from the ration brought' about a weight 
response of 450 gm and a hemoglobin response from 11.93 gm 
to 13.89 gm % in 1 month (table 1 and fig. 1, monkey 296). 



Fig. 1 Typical growth curves and hemoglobin values for 3 monkeys receiving 
liver preparations. The alcohol extract indicated on the curves was; prepared frpxp- 
fresh liver and fed by stomach tube at a level a* 9 gm per day. The fresh liver 
homogenate given monkey 297 was fed at a level of 4 gm per day: •" * 
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Since the inclusion of 40% corn grits lowered the lysine and 
tryptophane contents of the casein ration, 0.5% L-lysine and 
0.5% DL-tryptophane were fed as supplements mixed in the 
basal ration. However, no response could be seen in a deficient 
monkey and this supplementation was discontinued (table 1). 

In order to determine if the folic acid level (O.lmg/day) 
might be low, daily supplements of 0.5 mg of folic aeid were 
fed to 1 monkey. No effect could be seen and the original 
level of 0.1 mg/day was continued (table 1). 

When 50 mg of rutin and 50 mg of hesperidin were fed 
daily to a deficient monkey for 1 month, no response could be 
seen (table 1). 

Concentrates of the pernicious anemia factor have been 
found active for the dog, rat, chicken and microorganism S. 
faecalis (Ruegamer et al., ’47b ; Sporn et al., ’47 ; Betheil et al., 
’47; Nichol et al., ’47; unpublished data). Samples of reticu- 
logen 4 were injected intramuscularly into 2 monkeys at levels 
ranging from 1 to 45 U.S.P. units per day. No apparent ef- 
fect could be seen either in hemoglobin or in weight. The 
concentrates were then fed orally at the same levels, but 
without effect. Thinking that the factor might in some way be 
a protein utilization factor, the extracts were given with a 
24% casein basal ration. B c conjugate was also given simul- 
taneously with the pernicious anemia preparation, but neither 
combination showed any activity (table 1 and fig. 1, monkey 
277). 

On the basis of these results, it was decided to fractionate 
some of the more active materials. In all cases the prepara- 
tions were fed by stomach tube because of the unpalatability 
of some of them for the monkey. First, the approximate mini- 
mal level of fresh liver which would give a response was deter- 
mined. Accordingly, 1 gm of fresh liver was given to 1 monkey 
daily. No effect could he seen after 2 weeks so the level was in- 
creased to 3 gm per day. A slight response was seen, but when 
the level was raised to 4 gm, a good response of 150 gm gain in 
body weight followed. A liver homogenate was given to an- 

4 Eli Lilly and Company, Indianapolis, Ind. 
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other monkey at a level of 4 gm per day, and this a ni mal 
showed a response of 470 gm in weight and 2 gm % in hemo- 
globin in 3 weeks (fig. 1, monkey 297). Therefore, it was con- 
cluded that between 3 and 4 gm of fresh liver is the minimal 
amount necessary for a good response. 

An ethanol extract was made from fresh beef liver by 
grinding the liver in a meat grinder and adding 95% ethanol 
until the ethanol concentration was 60%. The suspension 
was stirred for 1 hour and allowed to stand overnight. The 
extract was then removed and the residue re-extracted with 
60% ethanol. The extracts were combined and filtered through 
filter cell. After removing the ethanol by vacuum distillation, 
the preparation was extracted with ether and the ether layer 
was discarded. The aqueous phase was concentrated further 
to a 10:1 concentration and stored at 0°C. This extract was 
fed by stomach tube at a level equivalent to 4 gm of fresh liver 
per day. No effect could be seen in 2 weeks so the level was 
raised to the equivalent of 6 gm of fresh liver. Still no effect 
was observed and the level was further increased to the 
equivalent of 9gm of fresh liver per day. At this level, a 
weight response of 380 gm and a hemoglobin response of 1 
gm % was seen in 1 month. Three other monkeys were given 
the extract at a level equivalent to 9 gm of fresh liver and 
similar responses were obtained (table 1). Therefore it was 
concluded that the ethanol extract was active at a level repre- 
senting’ 9 gm of fresh liver per day. Furthermore, dry weight 
analysis showed that when 4gm of fresh liver homogenate 
were fed, between 0.8 and 1 gm of solids was furnished per 
day. When the alcohol extract was fed at a level equivalent 
to 9gm of fresh liver, only 270-300 mg of solids were fur- 
nished per day. 

Methanol extracts of fresh beef liver prepared in the same 
manner were also active. However, when ethanol extracts 
were prepared from malt sprouts and fresh tomatoes, only 
borderline activity could be observed even when levels up to 
that equivalent to 50 gm of the original material were fed per 
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day. Aqueous extracts had been found to be quite active at 
lower levels (table 1). 

An acetone extract was prepared by extracting whole liver 
substance 5 in a Soxhlet extractor for 24 hours. When this 
preparation was fed at a level the equivalent of 5 gm per day, 
the weight of the test animal increased 440 gm in 1 month 
and the hemoglobin increased from 12.91 to 14 gm % as seen 
in table 1. 

Qn the basis of studies carried out with the rat (Jaffe and 
Elvehjem, ’47), a norite eluate fraction from fresh liver was 
prepared and fed as a possible source of the monkey factor. 
The preparation was made from the methanol extract previ- 
ously described by making the extract acid with concentrated 
HC1 to methyl orange (red) and filtering. Norite 6 was added 
(20 gm/kg liver) and the solution was stirred for 1 hour. The 
solution was filtered in a Buchner funnel using a pad of filter 
cell. The adsorption procedure was repeated and the norite 
was washed with 50% methanol while still on the Buchner, the 
filtrate being discarded. Without suction, 150 ml of 1% phenol 
solution were added to the Buchner containing the norite, and 
the solution was allowed to drain for % hour. After stirring 
carefully, suction was applied and the filtrate collected. Ap- 
proximately 8 elutions were carried out in this manner and 
the eluates were combined and extracted with ether until free 
from phenol : The eluate was then distilled under vacuum until 
a concentration equivalent to 60 gm of fresh liver per milli- 
liter was obtained. When the eluate was fed to 2 monkeys at 
levels as high as that equivalent to 12 gm of fresh liver per 
day, no activity could be observed. If the level was increased 
to one equivalent to 18 gm of fresh liver, good responses in 
weight and hemoglobin were obtained in both monkeys (table 
1). Dry weight analysis revealed that approximately 90 mg 
of solids were being fed per day as compared to 1 gm solids 
when fresh liver was used and 270-300 mg solids when the 
ethanol extract was used. 

5 Wilson and Company, Chicago, 111. 

. 6 Dareo G-60. 
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Since between 3 and 10 months are generally required to 
precipitate the deficiency in the monkey, several attempts 
were made to develop a more rapid means of estimating the 
activity of various preparations. A microbiological method 
using 8. faecalis was tried in the hope that the activity ob- 
served with S. faecalis would parallel that seen with the mon- 
key. As the study progressed, however, it was found that the 
microorganism and the monkey were not responding to the 
same factor. Therefore the microbiological assay was discon- 
tinued and alterations in the diet of the monkey were tried. 
Since better results had been obtained in the rat assay on a 
natural ration as compared to a purified diet (Sporn et al., 
’47), a 50-50 corn-soybean ration with added salts (2%), vita- 
mins and cystine was fed to 2 monkeys. These animals found 
the ration unpalatable; therefore, the experiment was dis- 
continued. 

Because of early successes in showing deficiencies in rats 
by feeding sulfa drug, 1% sulfasuxidine was included in the 
ration of 1 monkey for a period of 2J months. During this 
time the monkey gained 350 gm and showed no depression in 
the hemoglobin level. 

The protein level was reduced in the case of another mon- 
key to 12% casein. This animal continued to grow approxi- 
mately 300 gm over a 3-month period so the regimen was 
discontinued. 

Because of results obtained in dog studies involving the 
relationship of folic acid to fat metabolism, 4 monkeys were 
fed a fat free ration in which the fat of the basal purified diet 
was replaced by sucrose. Two of these monkeys, furthermore, 
received no folic acid whereas the other 2 received adequate 
amounts of folic acid. After 2 months on this regimen, the 
monkeys were still growing slowly, and no significant blood 
changes occurred. 

None of the proposed procedures for shortening the assay 
has been found to be successful, but this phase of the work 
is being continued. 
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DISCUSSION 

When a sample of commercial whey solids was fed at a level 
of 6%, no activity could be obtained for the monkey anti- 
anemia factor. Apparently the factor was destroyed in the 
processing of the whey since fresh whey was found to possess 
full activity. 

Fresh samples of raw carrots, raw potatoes, corn and soy- 
beans were fed as sources of the monkey factor, but all were 
found to be inactive even when fed at levels 10 times that of 
liver. Liver still remained the best starting material for 
fractionation work. 

High levels of folic acid and pernicious anemia preparations 
also failed to show activity. From these data it may be con- 
cluded that the monkey factor is separate from the rat, chicken 
and dog factors since all 3 of these species responded to per- 
nicious anemia concentrates. 

When liver extracts were employed, it became necessary to 
give the preparations by stomach tube as the monkeys found 
them unpalatable. This technique of administering the liver 
preparations in single doses may be open to criticism in view 
of newer theories which propose that for optimum growth, all 
essential nutrients must be present within the animal at the 
same time. However, since good responses were observed 
using this procedure, we believe it. to be a satisfactory method 
for giving the preparations. 

Approximately 4 gm of fresh liver are needed per day when 
given by stomach tube. When a 60% methanol or ethanol ex- 
tract of fresh liver was prepared and fed to monkeys, good 
responses could be obtained when equivalents of 8 or 9 gm of 
fresh liver were fed per day. This would mean that approxi- 
mately % of the activity was lost by this step, but the solids 
decreased from 800-1000 mg found in 4 gm of fresh liver to 
270-300 mg contained in the alcohol extract when fed at a 
level equivalent to 9 gm per day. Thus a threefold concentra- 
tion was obtained by extracting the fresh liver with alcohol. 
In the case of the norite eluate, the equivalent of 1 8 gm of 
fresh liver was needed. However, dry weight analysis re- 
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vealed that the solids furnished by this equivalent amount of 
fresh liver amounted to only 90 mg per day. Therefore, an 
overall approximate tenfold concentration was realized by 
the norite elution procedure. 

SUMMARY 

Further studies were carried out on the distribution and 
fractionation of the monkey anti-anemia factor. Whey solids, 
yellow corn, raw potato and raw carrot are poor sources of 
the factor. Higher levels of folic acid and rather high levels of 
rutin and hesperidin, L-lysine and DL-tryptophane, and per- 
nicious anemia concentrates failed to show any activity for 
the monkey. 

Approximately 4 gm of fresh liver are needed by the mon- 
key per day. An ethanol extract of fresh liver was active as 
well as a methanol and acetone extract of liver. A norite elu- 
ate prepared from the alcohol extract also proved active when 
fed at a higher level. A tenfold concentration was observed 
by the norite elution method. 

Atttempts were made to shorten the assay by feeding sulfa- 
suxidine in the ration, lowering the protein intake, and by 
feeding fat free rations. 

ACKNOWLEDGMENTS 

We wish to thank Arthur Ingebritsen and Larry Sternberg 
for their assistance in handling and feeding the monkeys. 

We are also indebted to Merck and Company, Rahway, New 
Jersey, for the crystalline vitamins ; to Wilson Laboratories, 
Chicago, Illinois, for whole liver substance, and to Lederle 
Laboratories, Inc., Pearl River, New York, for the synthetic 
L. casei factor. 

LITERATURE CITED 

Betheil, Joseph, V. D. Wiebelhaus and Henry A. Lardy 1947 Studies of 
thyroid toxicity. J. Nutrition, 84: 431. 

Cooperman, J. M., H. A. Waisman, K. B. McCall and C. A. Elvehjem 1945 
Studies on the requirements of the monkey for riboflavin and a new 
factor found in liver. J. Nutrition, 30: 45. 



416 


RTJEGAMER, SPORN, REGISTER A ND ELVEHJEM 


Cooperman, J, M., 0. A. Elvehjem, K. B. McCall and W. R. Rtjegamer 1946a 
1 c Folic acid ’ ’ active compounds in the nutrition of the monkey. Proc. 
Soc. Exp. Biol. Med., 61 : 92. 

Cooperman, J. M., K. B. McCall, W. R. Ruegamer and C. A. Elvehjem 1946b 
Attempts to produce a niacin deficiency in the rhesus monkey. J. 
Nutrition, 3$: 37. 

Cooperman, J. M., W. R. Rtjegamer and 0. A. Elvehjem 1946c Milk as a 
source of the monkey anti-anemia factor. Proc. Soc. Exp. Biol. Med., 
62: 101. 

Cooperman, J. M., W. R. Rtjegamer, E. E. Snell and C. A. Elvehjem 1946d 
A heat labile stimulatory factor for 8 . faecalis R. J. Biol. Chem., 163 : 
769. 

JafeA W., and C. A. Elvehjem 1947 Fractionation of a growth-stimulating 
factor in liver. J. Biol. Chem., 169: 287. 

McCall, K. B., H. A. Waisman and C. A. Elvehjem 1946 A study of pyrid- 
oxine and pantothenic acid deficiencies in the monkey. J. Nutrition, 
31: 685. 

Nichol, C. A., A. R. Robblee, W. W. Cravens and C. A. Elvehjem 1947 Ac- 
tivity of antipernieious anemia preparations for chickens. J. Biol. 
Chem., 170: 419. 

Rtjegamer, W. R., J. M. Cooperman, E. M. Sporn, E. E. Snell and C. A. El- 
vehjem 1947a Comparative distribution of a stimulatory factor for 
S. faecalis R and the monkey anti-anemia factor. J. Biol. Chem., 167: 
861. 

Ruegamer, W. R. } N. J. Torbet and C. A. Elvehjem 1947b Hematological and 
growth responses in dogs given liver extracts containing the antiper- 
nieious anemia factor. Fed. Proc., 6: 287. 

Sporn, E. M., W. R. Rtjegamer and C. A. Elvehjem 1947 Growth and repro- 
duction in rats on synthetic rations. Proc. Soc. Exp. Biol. Med., 65: 5. 

Waisman, H. A., A. F. Rasmussen, C. A. Elvehjem and P. F. Clark 1943 
Studies on the nutritional requirements of the rhesus monkey. J. Nu- 
trition, 26: 205. 



FURTHER STUDIES ON THE RELATIONSHIP OF 
NICOTINIC ACID, TRYPTOPHANE AND PRO- 
TEIN IN THE NUTRITION OF THE PIG- 1 
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(Received for publication May 1, 1948) 

The requirement of the pig for nicotinic acid has been 
observed by many workers; however, Wintrobe and co- 
workers (’45) reported that nicotinic acid deficiency could 
not be produced in young pigs fed a purified ration containing 
26% casein. In a paper previous to the present one Luecke 
et al. (’47) reported that nicotinic acid deficiency can be 
produced in young pigs fed a low protein ration composed 
largely of corn, and that supplements of tryptophane were 
effective in preventing this deficiency. It was noted, however, 
that daily supplements of 200 mg of DL-tryptophane per pig 
were not completely effective in preventing the characteristic 
intestinal lesions of nicotinic acid deficiency. "With this in 
mind, it seemed worthwhile to determine whether higher levels 
of tryptophane would he effective in completely preventing 
nicotinic acid deficiency. Furthermore, since Powick and co- 
workers (’47) were not able to confirm the work of Wintrobe 
et al. (’45) regarding the production of nicotinic acid defi- 
ciency using rations containing high levels of casein, it was 

Published with the approval of the Director of the Michigan Agricultural 
Experiment Station as Journal Article no. 953 (n.s.). This work was supported in 
part by a grant from Merck and Company, Inc., Rahway, New Jersey. We are 
indebted to Merck and Company, Inc., and to the Dow Chemical Company, Mid- 
land, Mi chigan for the generous supplies of crystalline B vitamins and synthetic 
DL-tryptophane. 
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decided to determine whether the deficiency symptoms could 
be produced in a high protein ration made up largely of corn. 

EXPERIMENTAL 

Pigs used in this experiment were farrowed by Duroc Jer- 
sey sows which had been bred to a Yorkshire boar. Two weeks 
before the pigs were placed on the experiment they were 
vaccinated for hog cholera, using the serum and virus method. 
The 3 basal rations used are shown in table 1. The crude 
protein content of rations A, B, and 0 was 15.1, 19.4 and 29.6% 
respectively, and the nicotinic acid content was 11.2, 8.7 and 


TABLE 1 

Composition of rations 1 



A 

RATION 

B 

C 


% 

% 

% 

Corn 

87 

80 

68 

Casein (commercial') 

5.5 

12 

25 

Soybean oil meal 

5.5 

6 

5 

Complex mineral mixture 

o 

2 

2 


1 The following amounts of vitamins were supplied daily to each animal : thia- 
mine, 10 mg; riboflavin, 10 mg; calcium pantothenate, 25 mg; and pyridoxine, 
6 mg. 


8.1 mg per pound respectively, as determined microbiolog- 
ically by the method of Krehl, Strong and Elvehjem (’43). 
It can be seen that the nicotinic acid content of the 3 rations 
decreased as the level of casein increased, due to the fact that 
commercial casein is extremely low in nicotinic acid. This 
fact serves a very useful purpose since, even though the higher 
levels of casein stimulate greater feed consumption, the actual 
intakes of nicotinic acid are quite uniform. 

The tryptophane content of rations A, B, and C was 0.13, 
0.20 and 0.41% respectively, as determined microbiologically 
using the organism Lactobacillus 1 arabinosus . The medium 
used for the tryptophane assay was essentially the same as 
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that described by Sauberlich and Baumann (’46), and the 
samples were prepared for assay according to the method of 
Wooley and Sebrell (’45). The 3 rations were supplemented 
with vitamins A and D in amounts which supplied 2,000 I.TJ. 
of vitamin A and 200 I.TJ. of vitamin D per pound of feed. 
Thiamine, riboflavin, calcium pantothenate and pyridoxine 
were fed daily to each pig in the amounts indicated (table 1). 
The composition of the complex mineral mixture was the same 
as that described previously (Luecke et al., ’47). 

At the conclusion of the 6-week experimental period the 
animals were autopsied and pathological studies made of the 
affected tissues. 


RESULTS 

Pigs in lot 1 were fed the low protein ration A plus daily 
supplements of 30 mg of nicotinic acid. The growth response 
of these pigs is shown in table 2.. The animals in this lot 

TABLE 2 


Response of pigs fed the various experimental rations 
(Five pigs in each lot on trials lasting 6 weeks) 



x 

2 

LOT 

3 

4 

5 

Ration fed 

A 1 

A 

A a 

B 

G 

Initial age in weeks 

5 

5 

5 

6 

5 

Average initial weight (lbs.) 

22 

22 

22 

27 

22 

Average daily gain (lbs.) 

0.61 

0.26 

0.84 

0.74 

1.05 

Average daily feed consumption (lbs.) 

1.37 

1.05 

1.75 

2.00 

2.06 

Lbs. of feed per lb. of gain 

2.25 

4.04 

2.08 

2.70 

1.96 


1 Pigs in lot 1 received daily supplements of 30 mg of nicotinic acid. 

2 Pigs in lot 3 received daily supplements of 1 gm of DL-tryptophane. 


gained an average of 0.61 pounds per day while consuming 
1.37 pounds of feed. The growth response of these pigs was 
rather surprising, inasmuch as the protein content of ration 
A was lower than is generally recommended for pigs of that 
age and weight. The pigs in this lot required 2.25 pounds 
of feed to produce 1 pound gain in body weight. 
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Pigs in lot 2 were fed ration A. During the 4th week typical 
symptoms of nicotinic acid deficiency were noted. These in- 
cluded diarrhea, a rough haircoat and lowered appetite. The 
intestinal lesions of nicotinic acid deficiency have been pre- 
viously described (Luecke et al., ’47). The pigs in this lot 
required 4.04 pounds of feed to produce 1 pound of gain. 

Ration A plus daily supplements of 1 gm of DL-tryptophane 
were fed to the pigs in lot 3. In a previous experiment (Luecke 
et al., ’47) daily supplements of 200 mg of DL-tryptophane 
produced good growth, but did not entirely prevent the typical 
intestinal lesions of nicotinic acid deficiency. Inasmuch as it 
seemed probable that the 200 mg level was too low, the sup- 
plementary level of tryptophane was increased to 1 gm. The 
growth rate of the pigs in this lot was excellent (table 2). 
These pigs gained an average of 0.84 pounds per day while 
consuming 1.75 pounds of feed, and it required only 2.08 
pounds of feed to produce 1 pound of gain. No intestinal 
lesions characteristic of nicotinic acid deficiency were found in 
the animals of this lot upon subsequent autopsy. This indi- 
cates that adequate levels of tryptophane will completely pre- 
vent symptoms of nicotinic acid deficiency in the pig. 

Pigs in lot 4 were fed ration B and gained an average of 
0.74 pounds per day (table 2), which is somewhat better than 
the daily gains produced by the animals in lot 1. However, 
the pigs in lot 4 required 2.70 pounds of feed to produce 1 
pound gain in body weight as against 2.25 pounds for the 
animals in lot 1. During the 5th week of the experiment 2 
of the pigs in lot 4 developed diarrhea, and upon autopsy at 
the conclusion of the experiment 3 animals showed evidence 
of enteritis; the remaining 2 pigs were normal. The intes- 
tinal lesions found at autopsy in the 3 pigs of this lot were not 
as severe as those found in the animals of lot 2 fed low protein 
ration A. However, it seemed evident that even though the 
crude protein content of ration B was high, it did not contain 
sufficient tryptophane to counteract completely the low nico- 
tinic acid content. 
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Pigs in lot 5 were fed ration 0. The growth response of 
these animals was excellent (table 2). They gained weight 
*more rapidly and efficiently than any other experimental lot, 
requiring only 1.96 pounds of feed to produce 1 pound gain 
in body weight. No evidence of nicotinic acid deficiency was 
noted, either during the experiment or upon subsequent 
autopsy. 

Luecke and coworkers (’47) have shown that one of the 
symptoms of nicotinic acid deficiency in the pig is a low 
urinary excretion of N^methylnicotinamide. Accordingly, 
during the 6th week of the experiment the pigs were placed 

TABLE 3 

Average daily intakes of tryptophane and nicotinic acid and excretion 
of N^methylnicotinamide 


DOT 

tryptophane 

NICOTINIC ACID 

N l -M ETHYL- 
NICOTINAMIDE 

In feed 

Supplement 

In feed 

Supplement 


gm 

gm 

mg 

mg 

, mg 

1 

0.80 


15.34 

30 

13.87 

2 

0.61 


11.76 


4.62 

3 

1.12 

0.50 1 

19.60 


38.14 

4 

1.80 


17.40 


9.83 

5 

3.80 


16.70 


15.06 


1 Assuming D-tryptophane to be completely inactive. 


in metabolism cages and a 24-hour collection of urine ob- 
tained. The average daily excretions of N 1 -methylnicotina- 
mide, as determined by the method of Huff, Perlzweig and 
Tilden (’45) are shown in table 3. It should be noted that the 
average excretion of N x -methylnicotinamide for the pigs in 
lot 2 was considerably lower than that of lot 4. This agreed 
with the results obtained at autopsy in that the intestinal 
lesions found in pigs of lot 2 were far more severe than those 
found in lot 4. 

Since the nicotinic acid and tryptophane contents of ra- 
tions A, B and C were known, the average daily intakes of 
these substances could be calculated from the average daily 
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feed consumption. The results of these calculations are shown 
in table 3. It seems evident that the addition of nicotinic acid 
to the low protein ration A increased the utilization of dietary 
tryptophane, since the animals in lot 1 grew normally on an 
average daily intake of 0.80 gm of tryptophane, while in the 
case of lot 4 the daily ingestion of 1.80 gm gave only a slightly 
better growth rate and, as a matter of fact, resulted in a 
lower efficiency of feed utilization. The fact that the supple- 
mentation of ration A with DL-tryptophane resulted in good 
growth indicates that tryptophane is the limiting amino acid 
in this ration. On the basis of tryptophane intake it is rather 
surprising that the pigs in lot 3 grew more rapidly and effi- 
ciently than the animals in lot 4. If it is assumed that d- 
tryptophane is inactive for the pig, then the animals in lot 3 
were actually consuming less of this amino acid than the pigs 
in lot 4. Although the present experiment offers no proof, 
it seems possible that the pig may be able to utilize D-trypto- 
phane to some extent. Another possibility is that the addition 
of synthetic tryptophane stimulates nicotinic acid synthesis 
which, in turn, improves tryptophane utilization. This pos- 
sibility has already been suggested by Krehl et al. ( ’46). 

DISCUSSION 

In the experimental production of nicotinic acid deficiency 
in pigs, the age and weight of the pig are of great importance. 
It has been the authors’ experience that symptoms of nicotinic 
acid deficiency are produced more readily in pigs weighing less 
than 30 pounds. Furthermore, we have never been able to 
produce nicotinic acid deficiency in pigs weighing 60 pounds 
or more when fed a low protein ration made up largely of 
corn. Braude, Kon and "White ( ’46) were also unable to 
produce nicotinic acid deficiency in older pigs. 

The fact that nicotinic deficiency could not be produced on 
a corn ration containing 25% casein confirms the work of 
Wintrobe et al. (’45). Although the pigs receiving the high 
protein ration were ingesting 16.7 mg of nicotinic acid per day 
(table 3), it is not likely that this amount of nicotinic acid 
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would prevent deficiency, since in the case of lot 4 the pigs 
ingested 17.4 mg per day and showed mild deficiency symp- 
toms. 

Since the nicotinic acid requirement of the pig is directly 
related to the tryptophane intake, the difficulties encountered 
in attempting to elucidate the requirement for this vitamin 
are obvious. The use of purified rations in estimating the 
nicotinic acid requirement of the pig (Hughes, ’43) will 
probably give results lower than those obtained by using a 
ration made up largely of corn. 

SUMMARY 

Adequate amounts of im-tryptophane as supplements to a 
low protein corn ration will prevent nicotinic . acid deficiency 
in the pig. Supplementation of the same low protein ration 
with nicotinic acid seems to increase the utilization of dietary 
tryptophane. 

No symptoms of nicotinic acid deficiency were produced on a 
corn ration containing 25% casein. Moreover, pigs fed this 
high protein ration grew very rapidly and required only 1.96 
pounds of feed to produce 1 pound gain in body weight. 

Mild symptoms of nicotinic acid deficiency were produced in 
pigs whose calculated average daily intake of nicotinic acid 
was 17.4 mg. 
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RESPONSE OF DORS TO LIVER EXTRACTS 
CONTAINING THE PERNICIOUS 
ANEMIA FACTOR 1 
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FOUR FIGURES 

(Received for publication May 15, 1948) 

Niacin was first shown to be essential for the dog through 
the use of the modified Goldberger diet (Elvehjem et al., ’38). 
Schaefer et al. (’42) found that young- puppies developed 
symptoms of blacktongue in 14-18 days when niacin was 
omitted from a purified ration containing sucrose, casein, 
cottonseed oil and cod liver oil supplemented with thiamine, 
riboflavin, pyridoxine, pantothenic acid and choline. The syn- 
drome could be counteracted by the administration of niacin, 
but incomplete responses were observed in certain eases. 

West (’41) first observed that sulfapyridine inhibited the 
curative effect of niacin in deficient dogs and that fresh liver 
counteracted this inhibition. Schaefer et al. (’42) repeated 
this work using the purified ration described above and found 
that the sulfapyridine inhibition could not be overcome by 
nicotinamide, dried liver or liver extract powder. 

Krehl et al. (’45, ’46) found that a more consistent response 
to niacin could be obtained when folic acid was added to the 
purified rations. Furthermore, these workers found that fresh 

1 Published with the approval of the Wisconsin Agricultural Experiment Sta- 
tion. Supported in part by the Research Committee of the Graduate School 
from funds supplied by the Wisconsin Alumni Research Foundation, and by 
Abbott Laboratories, North Chicago, Illinois. 
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liver and milk were effective in counteracting the sulfapy- 
ridine-induced inhibition in niacin-deficient animals. 

Rhoades and Miller (’33) studied the anemia associated 
with blacktongue and found that a progressive macrocytic 
anemia developed in dogs which were failing on deficient diets. 
Handler and Featherston (’43) demonstrated the same type 
of anemia in dogs by feeding a modified Goldberger diet, the 
corn meal diet of Koehn and Elvehjem (’37) and a purified 
diet. The anemia in the case of dogs on the 1st two diets re- 
sponded well to the administration of niacin or nicotinamide. 
However, the animals receiving the purified diet showed only 
suboptimal responses to niacin (10-12 gm % hemoglobin). 
Consequently, these workers suggested that other factors 
might be involved. 

Krehl et al. (’45, ’46) found that even though folic acid 
helped to produce more consistent responses to niacin on a 
niacin-deficient ration, the anemia which prevailed was little 
affected by the presence of folic acid. Because complete re- 
sponses were not obtained with folic acid, these workers also 
suggest the possibility that another factor is involved. 

In this report, we wish to present further evidence that an 
additional factor is required by the dog when maintained on 
a niacin-deficient diet. We also wish to present data to show 
that commercial pernicious anemia preparations are very rich 
sources of the factor. 


METHODS 

Approximately 35 weanling mongrel dogs were used in 
these experiments. They were dewormed and freed of ex- 
ternal parasites at the beginning of the experiment, and were 
placed in individual cages equipped with heavy wire mesh 
bottoms. All animals were given the basal ration and water 
ad libitum. The hasal ration consisted of sucrose 65%, alcohol- 
extracted casein 19%, cottonseed oil 11%, salts IV 4% and 
sulfasuxidine 1%. Some modifications in the composition 
of the basal ration were made, but these are indicated in each 
case. The following crystalline B vitamins were fed as sup- 
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plements to the basal ration : 0.1 mg each of thiamine and 
riboflavin, and 0.6, 0.5 and 25 mg, respectively, of pyridoxine 
hydrochloride, calcium pantothenate and choline chloride, per 
kg of body weight per day. The vitamins were prepared as an 
aqueous suspension at such a concentration that the suspen- 
sion could he fed at the rate of 1 ml per kg of body weight 
per day on every 3rd day. In addition, 1800 I.U. of vitamin A 
and 500 I.U. of vitamin D per day were given. 2 

Blood samples (3 ml) were taken routinely from the radial 
vein, and hemoglobin values, red cell counts and hematocrit 
values were determined. From these data, the mean cor- 
puscular volume, mean corpuscular hemoglobin and mean 
corpuscular hemoglobin concentration were calculated. 

EXPERIMENTAL AND RESULTS 

Young growing dogs lost weight when placed on a niacin- 
deficient ration, and niacin therapy became necessary in 14-18 
days. In most cases, the animals gained between 800 and 
1000 gm when given a single dose of 25 mg of niacin. This 
weight response was only temporary, however, and the 
animals soon began to lose weight again. The administration 
of a 2nd dose of 25 mg of niacin brought about weight 
responses in a number of dogs, but eventually a point was 
reached where all animals failed to respond to niacin (fig. 1). 
Unless further therapy was given, death resulted in these 
animals. The number of responses to single doses of niacin 
varied between 2 and 5 per dog. When the animals failed 
to respond to niacin, blood data revealed that an anemia 
persisted (8-12 gm % hemoglobin, 2-3 million red cells and 
hematocrit values of 20-30%). These data, which were col- 
lected from 20 animals, were used to calculate the mean cor- 
puscular volume, mean corpuscular hemoglobin and mean 
corpuscular hemoglobin concentration. Similar blood data 
from 20 control animals receiving niacin from the beginning 
of the experiment were taken simultaneously and the same 
calculations were made. These are summarized in table 1. 

2 Vitamin A and vitamin D given in the form of Haliver oil and Drisdol. 
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From these data it is clear that a macrocytic anemia existed 
in the animals which failed to respond to niacin. 

Since folic acid had been shown to play a part in the re- 
sponse of dogs to niacin, it was fed at a level of 0.1 mg per 
day to 6 animals which had failed to respond to niacin. Some of 
the animals showed weight responses as a result of the folic 



Fi g. 1 Failure of dogs to respond to niacin. 


TABLE 1 

Comparison of "blood pictures of control animals and depleted animals failing to 

respond to niacin 



MEAN OORP. 
VOLUME 

MEAN CORP. 
HEMOGLOBIN 

MEAN OORP. 
HEMOGLOBIN 
CONCENTRATION 


mm a 

mff 

% 

Control animals 

69 

22.4 

32.1 

Depleted animals 

82 

27.5 

33.8 


acid therapy, but little if any change could be observed in the 
blood picture (table 2). Several animals developed a flaccid 
type of paralysis and died. An animal afflicted with typical 
paralysis is shown in figure 2. Whether or not this paralysis 
is related to that seen in humans suffering from pernicious 
anemia has not been determined. In general, the longer the 
animal can be maintained in the deficient state, the more 
severe the symptoms become. It is exceedingly difficult to 
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prolong the deficiency, however, since most of the dogs in 
this condition die very suddenly. 

Since the paralysis and the anemia were similar to the 
symptoms encountered in pernicious anemia, and since stub- 
born cases of pellagra in the human are sometimes treated 
successfully with liver extracts, commercial preparations of 
the pernicious anemia factor were tried. Several dogs which 

TABLE 2 

Effects of folic acid and antipernicious anemia concentrates (A.P.A.) upon dogs 
failing to respond to niacin 


FOLIC ACID THERAPY 


A. P. A. THERAPY 


DOG 

NO. 

Body weight 

Duration 

of 

test 

Hemoglobin 

Weight Duration 
after of 

therapy test 

Hemoglobin 

after 

therapy 

Before 

therapy 

After 

therapy 

Before 

therapy 

After 

therapy 


kg 

kg 

days 

gm% 

gm% 

kg 

days 

graty 

114 1 

9.2 

9.0 

30 

10.89 

11.1 

10.5 

60 

15.15 

120 1 

9.1 

6.5 

18 

11.71 

11.28 

+ 



121 1 

6.9 

10.0 

30 

10.89 

10.35 

— 



419 1 

8.6 

8.4 

5 

11.55 

11.55 

+ 



445 1 

7.2 

9.5 

30 

9.13 

9.73 

11.6 

30 

13.7 

451 1 

6.3 

7.3 

35 

12.21 

12.76 

8.6 

30 

15.29 



A. P. A. 

THERAPY 



FOLIC ACID THERAPY 

119 3 

7.25 

10.0 

37 

10.28 

11.21 

10.5 

30 

14.6 

118 3 

6.8 

7.8 

60 

12.9 

13.0 

8.9 

28 

15.8 

204 2 

8.7 

16.2 

60 

10.45 

12.0 

20.2 

59 

15.0 


1 Dogs 134, 120, 121, 419, 445, and 451 each received 1 TT.S.P. unit of reticulogen 
(Lilly) injected per day. 

3 Dogs 119 and 204 received 10 and 7 U.S.P. units respectively of rotieulogen per 
day. 

3 Dog 118 received 7 U.S.P. units of Sharp and Dolime no. 2505 per day, and 
was given B ( . conjugate instead of free folic acid. 


had failed to respond to niacin on a niacin-deficient ration 
were given adequate amounts of niacin and folic acid. Little 
weight and no blood responses were seen. These animals were 
required to show a weight and hematological plateau for a 
considerable length of time (approximately 1 month) before 
receiving injections of the liver extracts. One U.S.P. unit 
per day of either reticulogen 3 or another preparation 4 was 


3 Lilly. 

4 Sharp and Dohme no. 2505. 
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injected intramuscularly. Typical growth and hemoglobin 
curves for 2 animals receiving folic acid and liver extract are 
given in figure 3. 



Pig. 2 A typical case of paralysis observed on a niacin-deficient diet. 



Pig. 3 Response of dogs to folic acid and liver extract. 


In order to determine if folic acid was needed in this regi- 
men, animals which had failed to respond to niacin and which 
were receiving adequate amounts of niacin were given com- 
parable injections of the same liver preparations without 
folic acid. Some response in weight and hemoglobin occurred 
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(fig. 3) but these values soon returned to suboptimal levels. 
When folic acid was added, a complete response was seen, 
indicating that this factor is necessary. 

When a basal ration containing 19% casein was fed, a need 
for folic acid could be shown. When higher levels of casein 
were fed, however, good responses to the pernicious anemia 
concentrates could be obtained without the addition of folic 
acid (fig- 4). 

Folic acid conjugate was tried in one dog receiving the 
liver extract, and a response comparable to that seen in dogs 
receiving free folic acid was observed (fig. 3). Apparently 



Pig. 4 Besponse to liver extracts of dogs receiving 24 and 30% protein 
rations. 

the dog* can utilize the bound form of folic acid, as contrasted 
to the monkey which, under our experimental conditions, 
cannot utilize the conjugated forms very effectively (Cooper- 
man, Elvehjem, McCall and Ruegamer, ’46). 

Several attempts were made to develop an assay for the 
factor found in the liver extract. . It was thought that by giving 
a single injection of the liver extract, a correlation between 
the weight or hemoglobin response and the U.S.P. unitage 
might be attained. It was found, however, that the animal 
apparently could not store the factor, since equal weight 
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responses were seen with the injection of several levels of the 
extract. Apparently only a given amount of the extract from 
a single injection can be utilized. In view of these results, 
daily injections were tried and it was found that optimal 
growth and hemoglobin production could be obtained with one 
U.S.P. uni t of reticulogen injected per day. Lower levels 
were not tried. These results are summarized in table 2. 

DISCUSSION 

When a niacin-free basal ration containing 1% sulfasux- 
idine was fed to young growing dogs, the animals began to 
lose weight and developed signs of blacktongue in 14r-18 
days. Niacin was only partially effective in counteracting the 
syndrome. Folic acid helped to produce more consistent re- 
sponses to niacin, but the anemia which developed did not 
respond to folic acid therapy. It should be pointed out that 
blood responses were seen in several animals receiving folic 
acid, but we attributed this to a failure to deplete the animals 
completely of the liver factor. When folic acid was withdrawn 
from the regimen, the animals lost weight and developed 
a more severe anemia. A point was reached in all cases 
where the animals failed to respond to the folic acid, but 
responded completely to the administration of liver extract. 

There were many indications that we were dealing with a 
condition similar to pernicious anemia in the human. The 
anemia observed in the dog was found to be macrocytic- 
normochromic in nature, and it developed progressively. The 
animals often suffered from diarrhea and showed general 
lassitude. A flaccid type of paralysis was observed in several 
of the more advanced cases, and liver damage such as that 
described by Krehl et al. ( J 46) was also seen in some animals 
at autopsy. 

As little as one TT.S.P. unit of pernicious anemia activity 
was effective in bringing about a complete remission of the 
anemia observed in dogs which had failed to respond to 
niacin. In the ease of reticulogen this would mean that V 20 ml 
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of the extract was injected per day, or that approximately 
10 mg of solid material was sufficient to produce an optimal 
response in the dog. If we are not dealing with the pernicious 
anemia factor itself, 'then it must be something else that was 
concentrated to a high degree along with it. 

The liver extracts were used first with adequate amounts of 
folic acid ; when folic acid was omitted poor results were ob- 
tained with the extract. "When folic acid was added, a com- 
plete response was seen, indicating that it was necessary. 
It would appear that all three factors — niacin, folic acid and 
the liver extract — are required. If any one of the three is pres- 
ent in inadequate amount, it is a limiting factor, and optimal 
growth and blood formation will not take place. This was true 
only when the protein level was about 19% because when the 
level was increased to 24 or 30% the need for folic acid could 
not be demonstrated. Possibly higher levels of casein favor 
the intestinal synthesis of folic acid in the dog. 

Since the time this work was first instituted (Ruegamer 
et al., ’47), liver extracts containing the pernicious anemia 
factor have been shown to contain factors which can be meas- 
ured on the basis of a growth response in chickens and in rats 
(Betheil et al., ’47; Nichol et al., ’47). Between 2 and 6 
weeks are required to show activity in these animals, whereas 
a conditioning period of approximately 3-6 months in addition 
to a 1-2 month test period are required for the dog. Con- 
sequently, the rat and chicken appear much more practical 
for the assay than the dog, providing that all three animals 
are responding to the same factor. However, the dog assay is 
still important because of the hematological changes observed. 
"Whether or not the same factor is measured in each of the 
three species is still uncertain. 

SUMMARY 

Young growing dogs were fed a niacin-deficient purified 
ration containing 1% sulfasuxidine. "When the animals devel- 
oped symptoms of blacktongue, they were given single doses 
of niacin. This therapy was found to be only partially sue- 
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cessful in combating the loss in weight. Folic acid was found 
to play an important part in bringing about more consistent 
responses to niacin, but it had no apparent effect on the 
macrocytic anemia which developed progressively. Liver 
extracts rich in the pernicious anemia factor were effective 
in restoring the blood picture and general health of the 
animals. These extracts were only partially effective when 
given alone, but in combination with folic acid gave complete 
recovery. When higher levels of protein were fed, however 
(24t-30%), the need) for folic acid could not be shown. As 
little as one U.S.P. unit of reticulogen per day is sufficient 
to bring about complete recovery. Apparently the factor 
is not stored to any great degree, and must be injected 
regularly. 
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VITAMINS REQUIRED BY SWINE FOR GROWTH, 
WITH SOME OBSERVATIONS ON 
REPRODUCTION 

■ • ALBERT G. HOGAN AND GERALD C. ANDERSON 1 
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(Received for publication April 26, 1948) 

The earlier literature on the adequacy of synthetic diets 
for pigs was reviewed by McRoberts and Hogan (’44) and 
requires no further comment at this time. These investigators 
reported that in their experience synthetic diets were inade- 
quate for pigs. The mortality rate was high and the animals 
usually grew slowly, though occasionally a pig on an artificial 
diet would grow at almost a normal rate. The basal diet used 
most extensively contained thiamine, riboflavin, pyridoxine, 
pantothenic acid, nicotinic acid, choline, and vitamins A, D, 
E, and K. The diet was not improved by the addition of 
ascorbic acid, biotin, inositol, and p-aminobenzoic acid, but 
it became entirely adequate for growth when a water extract 
of liver was included. This was regarded as evidence that the 
pig requires a vitamin then unrecognized. 

Several groups of investigators, including Wintrobe, Stein, 
Follis and Humphreys (’45); Bindley and Cunha (’46); 
Cunha, Bustad, Ham, Cordy, McCulloch, Woods, Conner, and 
McGregor (’47); and Powick, Ellis, Madsen, and Dale (’47) 
attained a considerable degree of success in rearing pigs on 
synthetic diets. However, most of their experimental animals 

1 Contribution from the Missouri Agricultural Experiment Station, Journal 
Series no. 1104. 

The data in this manuscript were taken from a thesis to be submitted by Mr. 
Anderson in partial fulfillment of the requirements for the A.M. degree. 
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were at least three weeks old at the beginning of the exper- 
imental period. Wintrobe and collaborators nsed a few that 
were 16 to 22 days old when first given a synthetic diet. 
One of the most successful vitamin mixtures used by this 
group did not contain niacin, inositol, or £>-aminobenz oic acid. 
Lindley and Cunha (’46) obtained no evidence that either 
biotin or inositol should be included in the diet of the pig. 
Cunha et al. ( ’47) reported that their ration was not improved 
by the addition of folic acid and p-aminobenzoic acid, either 
alone or in combination with biotin and inositol. Powick et al. 
( ’47) concluded that between the ages of three and 9 weeks 
the pig requires between 0.6 and 1.0 mg daily of nicotinic acid 
per kilo of live weight. 

Cartwright, Wintrobe and Humphreys (’46) placed a pig 
at the age of 30 days on a synthetic diet which included 2% 
of sulfasuxidine. The pig grew slowly and developed symp- 
toms of a nutritional deficiency. After 140 days a normoeytic 
anemia was well established. The animal was given intra- 
muscular injections of a commercial liver extract, presumably 
prepared for the treatment of pernicious anemia, and recov- 
ered. Four other pigs received this same diet, except that 
crude casein replaced the vitamin-free product; they were 
normal in appearance and their growth rates were not re- 
tarded. 

Welch, Heinle, Sharpe, George and Epstein (’47) also in- 
cluded succinylsulfathiazole in a synthetic diet they supplied 
to pigs, but no evidence was obtained that it retarded the rate 
of growth or interfered with the production of erythrocytes 
or hemoglobin. After 16 days one of the pigs in the group 
which did not receive pteroylglutamic acid was given a chemi- 
cal antagonist of that vitamin. The pig grew slowly, became 
unthrifty in appearance and became anemic. When the con- 
dition of the pig became critical, the vitamin-free casein in the 
diet was replaced by crude casein, and in addition an alco- 
holic extract of crude casein and human gastric juice were 
given together by stomach tube. After 10 days of this sup- 
plementation, the pig was returned to the original diet and 
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apparently became entirely normal. It is not clear why the 
purified diet failed to interfere with growth and hemato- 
poiesis as described by Cartwright et al. (’46) but the dif- 
ference in the vitamins supplied may have had some effect on 
the results. The observations of Cartwright and collaborators 
(’46) and of Welch et al. ( ’47) give some support to the con- 
clusion of McEoberts and Hogan ( ’44) that the pig requires an 
unrecognized vitamin. 

Bussell, Teeri and Unna (’48) began with pigs that were 
28-31 days old and maintained them as long as 469 days 
on a synthetic diet. The vitamin mixture did not include biotin, 
pteroylglutamic acid, or vitamin K. The pigs grew normally 
and were normal in appearance but neither the males nor 
females were able to reproduce. Ensminger, Bowland and 
Cunha (’47) observed that sows which consume synthetic 
diets over a long period are unable to rear their litters. Other 
evidences of the inadequacy of the ration were difficulty in 
getting the sows to conceive and abnormalities in the pigs, 
such as weakness at birth and a high mortality rate, hernia, 
kinked tails, enlarged forelegs, and abnormal liver and 
kidneys. 

During the period since the 1944 paper of McEoberts and 
Hogan appeared, biotin has been supplied in larger amounts 
and synthetic pteroylglutamic acid has become available. 
The object of the present investigation has been to test the 
adequacy for pigs of synthetic diets containing these two vita- 
mins, in addition to the others mentioned, from the beginning 
of the experimental period. 

EXPERIMENTAL 

The experimental procedure used has been described by 
McEoberts and Hogan ( ’44) and only its more essential fea- 
tures will be repeated. The new-born pigs were left with the 
dam for two days, as in our earlier experience the mortality 
rate had been high even on diets believed to be adequate if 
the pigs failed to receive colostrum. The diets, described in 
table 1, were synthetic in type but homogenized in water to 
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reduce the content of solids to 19%. The pigs were hand-fed 
from a bottle 8 times daily, at three-hour intervals, during the 
first two weeks. During the next 6 weeks they were fed 7 
times daily, beginning at 6 : 00 a.m. and ending at 12 : 00 mid- 
night. If kept on experiment for a longer time, the pigs 
were then given dry feed. Since it is essential to keep young 
pigs warm, they were quartered in a room held at a tempera- 
ture of 75 °F. or higher. 

TABLE 1 

Composition of experimental diets 


BASAL MIXTURE 

Ingredient Diet number 

327 330 335 


SUPPLEMENTS 

Vitamins 1 per 100 gm of diet (all diets) 


% % % 

Casein Vitamin A (I.U.) 2000 Pyridoxine-HCl (mg) 1 

(Labco) 30 15 30 Vitamin D (X.U.) 400 Ca-pantothenate (mg) 3 

Sucrose 30 70 30 Vitamin E (mg) 4 Nicotinic acid (mg) 4 

Corn stareh 5 . . 5 Vitamin K (mg) 2 Choline-Cl (mg) 100 

Wood pulp 5 5 Thiamine-Cl-HCl Inositol (mg) 100 

Lard 30 5 25 (mg) 1 Biotin (mg) 0.03 

Salt Eiboflavin (mg) 1 Pteroylglutamic 

mixture 4 5 5 5 acid (mg) 0.2 


1 Vitamins A and D were purchased as a concentrate from Mead Johnson and 
Company, Evansville, Indiana. The pteroylglutamic acid was generously supplied 
by Dr. T. H. Jukes, Lederle Laboratories Division, American Cyanamid Company, 
Pearl Biver, New York. All other vitamins were generously supplied by Dr. D. E. 
Green of Merck and Company, Inc., Bahway, New Jersey. 

4 Bichardson and Hogan ( ? 46). 


Three separate tests of the adequacy of artificial diets were 
carried out. The 6 purebred Chester White pigs used in the 
first trial were kept on cement floors with shavings as bed- 
ding. Because of uncertainty as to the adequacy of the diet, 
three of the 6 received a ration which was similar to Diet 
327 except that a liver extract was substituted for an equal 
weight of sucrose. During the first 23 days the modified 
ration contained 2% of a pork liver extract fraction. How- 
ever, the fraction did not seem to improve the ration in any 
respect, and on the 24th day 5% of a water extract of pork 
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liver was included. Since it is doubtful that the extract had 
any effect on the response of the pigs, no special comment 
on it is required. 

The other three pigs received Ration 327 with no modifi- 
cations, and will be treated in more detail. As soon as they 
were transferred to the artificial milk they developed a diar- 
rhea which was most marked during the first two weeks but 
which persisted in some degree throughout the experimental 
period. These symptoms were also characteristic of the two 
other trials which were carried out later on. It seemed im- 
possible when the diarrhea first appeared that there could 
have been time for a nutritional deficiency to develop, and it 
seems probable now that one or more constituents of the 
diet is mildly irritating to the intestinal tract of a young pig. 
Possibly the irritation could be avoided by reducing the 
amount of mineral salts or by replacing sucrose with a simple 
sugar. 

During the first three weeks the pigs grew at only a moder- 
ate rate and there was a definite, though slight, brownish 
exudate around the eyes of each pig, which later disappeared. 
After the third week the pigs had tremendous appetites and 
grew more rapidly than did their litter mates which had been 
left with the sow. It happened not infrequently that the pigs 
would regurgitate a small quantity of food, but this seemed 
to be due to excessive consumption rather than to a nutri- 
tional deficiency. Normally, young pigs feed about every two 
hours, or less. It was impracticable to feed the experimental 
diets that often, and for that reason the food intake per feed- 
ing was enormous. However, the pigs were altogether normal 
in appearance at the end of the experimental period and 
there was no definite evidence that the diets were deficient 
in any respect. The growth rates in all three trials are shown 
in table 2. 

The response of the pigs in this first trial, both in rate of 
gain and in appearance, exceeded our expectations and was 
repeated with some variations in later tests. 



TABLE 2 

Growth of pigs on synthetic diets 


NO. AND SEX 


BODY WEIGHT 


At birth 

2 days old 

56 days < 

Ration 327 

lbs. 

Trial 1, 

lbs. 

Chester Whites 

lbs. 

38 F 

3.5 

4.1 

40.2 

15 M 

2.7 

3.7 

35.6 

19 M 

2.6 

3.1 

32.7 

A vg. 

2.9 

3.6 

36.2 

Ration 327 modified to contain liver extract : 


14 M 

3.2 

4.1 

55.5 

16 M 

2.7 

3.7 

39.0 

13 M 

2.5 

3.2 

36.6 

Avg. 

2.8 

3.7 

43.7 


Trial 2, Poland Chinas 
Ration 327, contains pteroylglutamic acid: 


4 F 

3.2 

3.7 

27.8 

3 F 

3.0 

3.4 

21.6 

IF 

3.0 

3.5 

22.8 

Avg. 3.1 

Ration 327, does not contain pteroylglutamic acid: 

3.5 

24.1 

8 F 

2.6 

3.5 

18.5 

1M 

3.0 

3.5 

18.7 

5 F 

2.7 

3.3 

25.0 

Avg. 2.8 3.4 

Trial 3, Duroe Jerseys 

Ration 327, contains pteroylglutamic acid: 

20.7 

On screen floors 

61 F 

3.6 

3.9 

29.5 

58 M 

3.1 

4.0 

29.3 

Avg. 

3.4 

4.0 

29.4 

On cement floors 

60 F 

3.8 

4.0 

34.0 

55 M 

2.2 

3.5 

17.0 

Avg. 

Ration 334, does 

3.0 

not contain pteroylglutamic aeid 

3.8 

25.5 

On screen floors 

64 F 

3.6 

3.7 

23.5 

59 M 

3.4 

4.1 

35.2 

Avg. 

3.5 

3.9 

29.9 

On cement floors 

56 F 

2.9 

3.6 

36.0 

60 M 

4.4 

4.3 

33.6 

Avg. 3.7 

Fortified cow’s milk: 

4.0 

34.8 

On cement floors 

57 F 

2.7 

3.4 

56.5 

63 M 

4.4 

4.9 

54.0 

Avg. 

3.6 

4.2 

55.3 



VITAMINS REQUIRED BY SWINE 


443 


In the next trial the pigs were purebred Spotted Poland 
Chinas. They were on floors of wide mesh screen, in order 
to reduce the possibility of coprophagy. An attempt was also 
made in this trial to determine whether pteroylglutamic acid 
is required by the pig and the animals were, therefore, divided 
into two groups. One received Ration 327 and the other 
Ration 334, which does not contain pteroylglutamic acid but is 
identical with Ration 327 in all other respects. 

The outcome of the second trial was less encouraging than 
that of the first. The diarrhea was not more pronounced than 
in the first trial and the pigs were normal in appearance, but 
the rate of growth was disappointing. The explanation of the 
difference is not apparent, but several possibilities have been 
considered: (1) The pigs may have been of a slow-growing 
strain. (2) The wire screens may have been responsible for 
the retardation by reducing the practice of coprophagy. (3) 
The trial was conducted in the winter months and during that 
season the heating system was unable to keep the room as 
warm as was desired. The pigs which received pteroylglu- 
tamic acid grew more rapidly than those which did not 
receive it, but comparison with trial 3 suggests that the dif- 
ference was fortuitous. 

There were 10 pigs in all in the third trial. Two were used 
as positive controls to establish the growth rate on an adequate 
diet. These two pigs received fortified cow’s milk (1 liter of 
milk plus 60 gm sucrose, 2.5 gm ferrous sulphate, 0.2 gm 
cupric sulphate, 0.2 gm manganous sulphate, 0.02 gm potas- 
sium iodide), and were on cement floors with shavings. There 
were 8 experimental pigs; 4 were on floors of wire screen 
and 4 on cement floors with shavings for bedding. This ar- 
rangement should show whether or not coprophagy had any 
relation to the nutritional status of the pigs. Two of each 
group received Ration 327 and two received Ration 334, in 
order to obtain additional data on the requirement of the pig 
for pteroylglutamic acid. The pigs were purebred Duroc Jer- 
seys. They did not grow as rapidly as did those in the first 
trial, but more rapidly than those in the second. 
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There were intermittent attacks of diarrhea, bnt the pigs 
had the appearance of health and thrift and seemed to he nor- 
mal in every respect. Insufficient data are available for a final 
decision, bnt the evidence indicates that when pigs consume 
artificial, so-called “synthetic” diets, they grow more rapidly 
when on solid floors. It .is difficult to eliminate all possibility 
of access to feces, but it seems quite certain that pigs can 
attain an average rate of growth without practicing copro- 
phagy. The pigs not receiving pteroylglutamic acid grew as 
rapidly as did those which did, and we have no reason now 
to suppose that this vitamin is a dietary essential for the pig. 

The only animal which calls for special comment is 55M, 
which was quartered on the cement floor and received pteroyl- 
glutamic acid. From the beginning this animal seemed eager 
for food but would never consume at any one time as much 
as the others did. The pig seemed definitely abnormal in 
some way, but there was no specific symptom which suggested 
that the abnormality was due to inadequacy of the ration. 
When 60 days of age, with a weight of 19.8 pounds, this pig 
was changed to the diet of fortified cow’s milk, which was 
supplied in an open container so the milk was available 
practically all the time. At the end of 25 days the pig weighed 
43 pounds. While consuming the synthetic diet the average 
daily gain was 0.23 pounds, and after the change to fortified 
cow’s milk, the average daily gain was 0.93 pounds, a normal 
rate for that age. When 85 days old, this pig was given a 
practical ration but it consumed little feed and did not gain 
in weight. The animal was sacrificed for post-mortem exami- 
nation 2 but the only abnormalities observed were inflamma- 
tion in restricted areas of the colon and petechial areas in 
the stomach with some deep-seated fibrosis, which were pre- 
sumably the consequence of a previous low-grade inflamma- 
tion. It is impossible to decide whether or not the diet of the 
pig was responsible for its lack of thrift. 

The pigs which consumed cow’s milk grew much more 
rapidly than did those fed the “synthetic” milk, and we have 

2 Courtesy of J. E. "Weinman, D.V.M. 



VITAMINS KEQTTIBED BY SWINE 


445 


adopted the working hypothesis that the artificial diet is 
deficient in a nutrient essential for m aximum growth and for 
the optimum nutritional state. 

During the first trial, in the fall of 1946, there was one fe- 
male pig on Ration 327 and since this group had exceeded all 
expectations in appearance and performance, an attempt 
was made to continue her on an artificial diet through a re- 
productive period. When she was 87 days old, her ration 
was modified somewhat to reduce the protein content. The 
composition of this ration, no. 330, is shown in table 1. This 
gilt, no. 38, continued to grow at a tremendous rate, and even- 
tually her feed intake was limited to prevent her from becom- 
ing overfat. She conceived on March 12, and farrowed on 
July 7, with no untoward incidents. She gave birth to 11 
pigs that were alive and two that were dead. One of the dead 
pigs had died at least two or three weeks before parturition ; 
the other was smothered in the chorionic membrane. The ap- 
pearance of the pigs would indicate that the milk of this sow 
was adequate in quality, but never adequate in quantity. Five 
of the mammary glands were inflamed and nonfunctional, and 
only 5 of the others secreted significant quantities of milk. 
There was delay in the initiation of milk secretion and at the 
beginning of the second week only 5 pigs were alive. During 
the first 10 days of lactation the feed intake was low and there- 
fore the ration was changed on the 11th day to no. 335, table 
1. After that time the feed intake increased and apparently 
the milk flow increased also. When the litter was about 5 
weeks old the rate of feed consumption declined again, with 
a parallel decrease in the rate of milk secretion, and it was also 
noted that the sow was severely anemic. In view of the report 
of Cartwright, Wintrobe, and Humphreys (’46), the sow was 
given injections of 2 ml (30 units) of liver extract 3 for 14 
successive days, but the treatment was ineffective. Whether it 
was given too late, or whether it did not contain the nutrients 
she required, we are unable to say. She died on the 56th day 

3 Eli Lilly Co., Indianapolis, Indiana. 
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TABLE 3 

Abbreviated history of the sow reared on an artificial, so-called “synthetic” diet 


AGE 

WEIGHT 

DAILY GAIN IN 
WEIGHT 

DAILY FEED 
INTAKE 

ERYTHROCYTE 

COUNT 

days 

lb. 

lb. 

lb. 

million/mm ,' 1 

Ration 327 





56 

40 



7.485 

86 

63 

0.76 

1.6 


Ration 330 





116 

119 

1.86 

3.8 

7.625 

146 

182 

2.10 

6.6 


176 

246 

2.13 

6.8 


206 

306 

2.00 

6.3 


236 

352 

1.53 

4.5 

7.526 

266, 

410 

1.93 

5.1 


294 

465 

1.96 

6.1- 



Farrowed on 294th day 


295 

419 


0.0 


306 

369 


0.5 

7.724 

310 

369 


4.0 


Ration 335 





320 

352 


6.0 


330 

348 


8.0 


334 

338 


7.0 

3.040 

337 

330 


4.0 

1.225 

339 

327 


1.0 

2.375 

346 




1.870 

350 died 






after farrowing. 4 A brief history of this animal is shown in 
table 3. 

When it became evident that sow 38 was anemic her 5 re- 
maining pigs were removed, and reared on the same diet as 
their mother had received. The average weight at 56 days was 
24 pounds, with a range of 16.7 to 34.5 pounds. This was a 

4 Pathologist ’s report on sow 38 (courtesy of M. P. Neal, M.D.) : Bone marrow: 
no recognizable hematopoietic tissue; functional marrow replaced by non-func- 
tional fat; liver: remarkably pronounced interlobular connective tissue; degenera- 
tion and necrosis of liver cells beginning around the central veins and extending 
through the central zone area; "kidneys: extensive albuminous degeneration and 
hydropic infiltration of the proximal tubules; spleen: a loss of Malpighian cor- 
puscles and of parenchymatous elements and a deposit of fibrinous material in 
a tissue closely resembling hematopoietic structures. 
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remarkable recovery, and indicates that the diet could not 
be seriously inadequate for growth. 

DISCUSSION 

It is clear that our efforts to rear pigs on synthetic diets 
were much more successful than those of MeRoberts and 
Hogan (’44). The reason is uncertain, but some of the pos- 
sibilities will be mentioned. The salt mixtures used in the 
two trials were not the same, but neither the qualitative nor 
quantitative differences seemed large enough to be significant. 
There were minor differences in the amounts of the vitamins 
included in the diets, but according to present knowledge 
the least amount of any of the vitamins supplied by McRob- 
erts and Hogan was more than enough. It seems improbable 
that pteroylglutamic acid contributed to our greater success 
in these recent trials, because the pigs grew as well without it 
as they did with it. Biotin and inositol were always included 
in the rations described in this report but our experience, and 
that of other investigators mentioned, leaves it uncertain 
whether either of these vitamins contributed to the improve- 
ment in the diet. The average growth rate of the experi- 
mental pigs was equal to that of suckling pigs in commercial 
production, but the high degree of variability requires some 
comment. The variable growth rates may be partially ex- 
plained by genetic differences, but it seems more probable 
that the experimental diet was inadequate in some degree. 
This conclusion is supported by the poor appetite of sow 38 
after farrowing, her failure in milk secretion, her severe 
anemia, the extreme pathological condition of some of her in- 
ternal organs, and her early death. However, the possibility 
that some or all of these abnormalities were the consequences 
of mastitis may require consideration. 

SUMMABY 

1. Seventeen pigs were reared on a synthetic diet from the 
time they were two days old until they were 56 days, or more, 
of age. There were no mortalities, though all of the pigs were 
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subject to intermittent attacks of diarrhea. The rate of 
growth was variable but the average weight at 56 days was as 
high as would be expected according to current growth stand- 
ards. With one exception, all of the pigs were normal in 
appearance. 

2. One female pig was retained on the synthetic diet 
through the reproductive stage. She bore a normal litter but 
her flow of milk was scanty. She became severely anemic while 
lactating, and died. On autopsy an extreme pathological con- 
dition was discovered in the bone marrow, liver, kidneys and 
spleen. 

3. These findings indicate that the artificial, so-called 
“synthetic” diet used in this study is slightly inadequate 
for growth and seriously inadequate for lactation. 
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Southern peas (edible varieties of the cowpea, Vigna 
Sinensis, Brittingham, ’46), of which the most generally 
consumed variety is the Blackeye pea, are an important 
source of food for a large section of the population throughout 
the South. Comparatively few studies have been carried out 
on the nutritive value of varieties of Southern peas, and since 
they are used widely as a source of human food it is desirable 
to have more information about their relative value as a 
source of protein for growth. 

Osborne, Mendel and Ferry ( ’12) found the isolated globu- 
lin, virginin — the chief protein of the cowpea — to have a 
slightly greater nutritive value than wheat gliadin. Finks, 
Jones and Johns (’22) in a study of the field varieties, Groit 
and Brabham, obtained a growth rate in rats of % to % of 
normal with either raw or cooked cowpea meal. These same 
authors found that the addition of 0.33% cystine to the cooked 
meal gave a normal rate of growth, but the addition of the 
cystine to the raw meal gave no better growth than the raw 
meal alone. 

An increase in the nutritive value of soybean protein on 
heating has been demonstrated by several investigators, and 
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these studies have been reviewed recently by Evans and 
McGinnis (’46). Finks and Johns (’21) reported that rats 
fed raw Lima beans, Phaseolus lunatus, failed to gain weight 
even when the protein was supplemented with 0.3% of cystine. 
The cooked beans were no better than the raw beans unless 
supplemented with cystine. When 0.3% of cystine was added 
to the cooked beans, the rats grew at a normal rate. 

Since cystine is not an indispensable amino acid, the re- 
sponse to the addition of cystine in these earlier experiments 
requires some explanation. Bose (’38) has shown that cystine 
stimulates growth when methionine is supplied in sub-optimal 
quantities, but not when it is entirely absent from the diet. 
The diets which were used in these earlier experiments must 
have contained a sub-optimal amount of methionine, and there- 
fore growth was stimulated when cystine was added. 

Everson and Heckert (’44) tested the nutritive value of 
several legumes for the growth of rats, both in the raw state 
and after heating in a pressure cooker at 15 pounds for 15 
minutes. The rats which received raw kidney beans, navy 
beans or pinto beans lost w r eight and died within 3 or 4 weeks. 
Those which received raw Lima beans lost weight but survived 
the 8-week experimental period. The nutritive value of all 
the legumes was increased by heating with the exception of 
peas in which it was decreased slightly. Woods, Beeson and 
Bolin ( ’43) and Lehrer, Woods and Beeson ’( ’47), in a study 
of the nutritive value of Alaska field peas, reported that the 
daily gain was tripled and the protein efficiency doubled when 
either the cooked or raw peas were supplemented with 0.3% 
of methionine. Heating the peas dry for 1M> hours at 140°C. 
or autoclaving for 1)4 hours at 17 pounds pressure decreased 
the nutritive value, and this decrease was attributed to the 
effect of heat on the protein. Bussell et al. ( ’46) reported the 
results of their studies on several varieties each of Lima 
beans, snap beans (Phaseolus vulgaris) and English peas. 
The legumes were soaked overnight and cooked in the soaking 
water in a procedure similar to that used for human con- 
sumption. Growth was poor in all cases unless the legumes 
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were supplemented with 0.1% of methionine. Raising the level 
of methionine to 0.6% gave a further growth response except 
for three varieties of peas, in which cases a loss in weight 
occurred. 

Ham and Sandstedt ( ’44) and Ham et al. ( ’45) reported the 
presence of a trypsin inhibitor in soybean meal, and Bowman 
(’44) found the trypsin inhibitor in navy beans as well as 
soybeans. Kunitz (’45, ’46, ’47) has isolated the crystalline 
trypsin inhibitor from soybeans and has studied its proper- 
ties. This inhibitor is destroyed by heat. It is probably present 
in certain other legume seeds, but available data indicate that 
it is not present to any appreciable extent in the various varie- 
ties of Southern and English peas which were used in this 
study. 

Observations on the comparative nutritive values of South- 
ern peas (Vigna Sinensis), Lima beans (Phaseolus lunatus), 
pinto beans (Phaseolus vulgaris), English peas (Pisurn sati- 
vum), casein and egg albumin are given in this report. 

EXPERIMENTAL 

Albino rats 28 days old and weighing 35 to 45 gm were given 
the experimental diets for a period of 4 weeks. Litter mates 
were matched as to sex and weight and distributed as far as 
possible among the groups which received the different leg- 
umes. They were kept in individual cages and food and water 
were supplied ad libitum except in the paired feeding trials. 
Two separate groups, consisting of two males and two females 
each, were used in every test and the two tests were run at 
different times. Each curve in the charts represents the com- 
bined average gain in weight of the 8 rats used in the test. 

The lugumes were purchased from a seed supply house 
or grown on the Texas A. and M. Horticultural Farm. The nu- 
tritive value of both the raw and heated legumes was studied. 
Before heating, 1 kilo of the ground seed was mixed with 1500 
ml of distilled water and allowed to stand for one to two hours. 
The mixture was then heated in the autoclave for 30 minutes at 
15 pounds pressure and dried in an air oven at 60° C. The 
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legumes were added to the diet at a level equivalent to 10% 
protein (N X 6.25) in all cases except when comparison was 
made of casein with Southern peas by the ad libitum and paired 
feeding methods; the amounts provided in these tests are 
given in figure 1. The casein and egg albumin were added 
at the levels shown in figures 1 and 3. The composition of a 
typical diet which supplies 10% protein is given in table 1. 


Ad libitum and paired feeding methods 

A preliminary test was carried out to determine whether 
or not the ad libitum method of feeding would be a satisfactory 


TABLE 1 


Composition of a typical diet 


BASAL MIXTURE 


VITAMIN SUPPLEMENT'S PER 100 GM 
OF BASAL MIXTURE 


Legume (equivalent to 10% 



mg 

protein) 

44 

Menadione 

2.5 

Cerelose 

38 

Alpha tocopherol 

2.5 

Wood pulp 

3 

Thiamine hydrochloride 

0.4 

Mineral mixture 1 

5 

Eiboflavin 

0.4 

Lard 

10 

Pyridoxine 

0.4 

VITAMIN SUPPLEMENTS PER 100 GM 

OF BASAL MIXTURE 

Calcium pantothenate 

1.0 

Niacin 

5.0 

Vitamin A 

3,000 I.U. 2 

Choline chloride 

100.0 

Vitamin I) 

425 I.U. 

Biotin 

0.01 


1 Bichardson and Hogan, ; 46. 

* Vitamins A and D were supplied by Mead Johnson’s Oleum Pereomorphum. 


means of investigating the relative value of two proteins 
if they were fed at the same protein level. In this test South- 
ern peas were compared with casein by both the ad libitum 
and the paired feeding methods. Both Southern peas and the 
casein were supplied at protein levels of 12 and 15%. These 
data are summarized in figure 1. The difference in weight 
gains are practically the same regardless of whether the rats 
were fed by the paired feeding or the ad libitum method. 

This observation shows that the calculation of protein effi- 
ciency does not give any additional information in regard to 
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the relative value of the two proteins. Hegsted and Wor- 
cester (’47) have concluded, from a study of the relation 
between protein efficiency and gain in weight on diets of 
constant protein content, that gain in weight alone and protein 
efficiency alone are equally accurate in measuring the relative 
value of proteins. In view of these observations, the rats 
in all subsequent experiments were fed ad libitum and the 
curves in the charts represent the average gains in weight 
obtained by this method. 



RATS FED od libitum PAIRED 


Pig. 1 Comparison of the average gain in weight of rats when they were fed 
Southern peas and casein by the ad libitum and by the paired feeding methods. 


Amounts of methionine required 

The effect of supplementing heated pinto beans and South- 
ern peas with two levels of methionine is summarized in figure 
2. Either legume supports a very slow rate of growth when 
it is fed as the sole source of protein in the diet, but when 
supplemented with 0.2% methionine practically normal 
growth is obtained. Two-tenths % of methionine gave a 
maximum rate of growth. One-tenth % was not enough, and 
in the few trials where 0.3% was fed the gains were no faster 
than they were with 0.2%. 
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Comparison of legumes, legumes plus methionine, 
casein and egg albumin as sources of protein 

Southern peas were compared with Lima beans, pinto beans, 
English peas, casein and egg albumin as sources of protein 
for the growth of rats. The results are summarized in figure 3. 

Eats which received raw Southern or raw English peas grew 
slowly, but they grew at a slightly faster rate than those 
which received the heated peas. When the English peas were 
supplemented with 0.2% methionine the rats grew at a normal 
rate, but again those receiving raw peas grew at a slightly 
faster rate than those receiving heated peas. A slight de- 



Fig. 2 The amount of methionine required to give a maximum gain in weight 
in rats when all the protein in the diet is supplied by junto beans or Southern 
peas. 

crease in the nutritive value of peas when autoclaved or 
heated dry has been reported also by Everson and Heckert 
(’44) and by Lehrer et al. (’47). Supplementing the heated 
Southern peas with 0.2% methionine increased their nutritive 
value, but the average gain was less than it was with egg- 
albumin or with the other legumes plus methionine. 

The results obtained with raw Lima and raw pinto beans 
differed from those which were obtained with either of the raw 
peas. The rats which received the raw beans lost weight and 
two receiving raw Lima beans died on the 23rd and 26th day, 
respectively. The weight for this group for the 4th week in 




M- 0.2% METHIONINE WAS ADDED TO THE DIET 
LEGUME WAS NOT HEATED 
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Fig. 3 Comparison of casein, Lima beans, pinto beans, English peas, Southern peas and egg albumin as sources of protein for 
the growth of rats. The varieties of legumes were as follows: Lima bean, Henderson bush; pinto bean, comercial; English 
peas, Little Marvel; Southern peas, Dwarf California Blackeye no. 5. 
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figure 3 represents the average of 6 rats. The addition of 0.2% 
methionine to the raw Lima beans decreased the rate loss 
slightly, but these beans were a very poor source of protein 
for the growth of rats even with methionine added. This 
suggests that the low nutritive value of the raw Lima bean 
is probably due to the presence of a trypsin inhibitor as well 
as an inadequate amount of methionine. 

English peas were superior in nutritive value to heated 
Lima beans and to raw or heated Southern peas, and the 
heated Lima beans were slightly superior to Southern peas. 
The protein of heated pinto beans had a lower value than the 
protein of any of the other legumes studied until it was 
supplemented with methionine. When the heated legumes 
were supplemented with 0.2% methionine the rats grew at a 
rapid rate in every case, but the greatest gains were obtained 
with Lima beans and English peas. The rats receiving these 
legumes grew faster in both cases than those which received 
egg albumin. Pinto beans plus methionine supported as rapid 
a rate of growth as egg albumin but the Southern peas, al- 
though superior to 10% of casein, were inferior to egg 
albumin. 

Amino acid deficiency of Southern pen protein 

The data which were discussed in the preceding section 
show that in Southern pea protein methionine is either low 
or unavailable, and suggest that there is either a deficiency 
or a low availability of one or more other essential amino 
acids. Schweigert ( ’48) has shown that all the tryptophane in 
soybean oil meals is not available for the growth of chicks, 
and Kuiken and Lyman ( ’48) have reported that the lysine in 
cottonseed flours is only 64.0% available, while some of the 
other essential amino acids are 95 to 100% available. Tests 
were carried out with these two amino acids to determine if 
they were limiting factors in Southern pea protein. The re- 
sults are summarized in table 2. 

The rats which received Southern peas supplemented with 
methionine alone gained less than those which received lysine 
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and tryptophane in addition to methionine. A statistical 
analysis showed that these differences are highly significant. 
The gains of the rats which received Southern peas supple- 
mented with the three amino acids did not differ significantly 
from those of the animals receiving egg albumin. It may be 
concluded from these data that Southern pea protein supplies 
an inadequate amount of lysine or tryptophane or both for the 
normal growth of rats. It has not been demonstrated whether 
the deficiency is due to a low amino acid content or to a low 
availability of the amino acid or acids. Lysine and trypto- 
phane were not tested separately. 


TABLE 2 

Amino acids as supplements to Southern pea protein for the growth of rats 


SOURCE OF 

PROTEIN 

AMINO ACID 
SUPPLEMENT 

RATS 

AVERAGE GAIN 

IN WEIGHT 1 


°fo 

no. 

gm 

Southern peas 

Methionine 0.2 

10 

44 


Methionine 0.2 



Southern peas 

Lysine 0.5 

Tryptophane 0.1 

12 

57 

Egg albumin 

None 

12 

56 


1 Experimental period 4 weeks. 


Comparison of three varieties of Southern peas 

The three varieties of Southern peas which are generally 
grown for human consumption in Texas are Long Pod Cream, 
Dwarf California Blackeye no. 5 and Jackson Purple Hull. 
These varieties were compared as sources of protein for the 
growth of rats at a level equivalent to 10% of protein. The 
results are summarized in table 3. Each variety was auto- 
claved and tested with and without methionine. The rats 
gained more in each case when methionine was added. The 
Long Pod Cream and California Blackeye no. 5 varieties were 
about equal in value when they were supplied at the same level 
of protein. However, it requires a total of 42% of the Cal- 
ifornia no. 5 peas as compared to 37.5% of the Long Pod 
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Cream, peas to give the same level of protein in the diet. The 
rats which received Jackson Purple Hull peas gained an 
average of 12 gm without and 32 gm with methionine ; those 
which received Dwarf California Blackeye no. 5 and Long 
Pod Cream each gained an average of 20 gm without methion- 
ine and 45 gm with it. A statistical analysis showed that the 
differences in the gains of the rats which received the Jackson 
Purple Hull peas and those which received the other two 
varieties were highly significant, and it may be concluded 
that these peas have a lower nutritive value than the other two 
varieties when fed either with or without methionine. The 
data show that the protein of the Jackson Purple Hull variety 

TABLE 3 

Comparison of the nutritive value of the protein of S varieties of Southern peas 


VARIETY 


PROTIEN 

CONTENT 


average gain 

PEAS REQUIRED IN WEIGHT 1 

TO GIVE 10% 

protein Methionine 

None 0.2% 



% 

% 

gm 

gm 

Jackson Purple Hull 

27.0 

37.0 

12 

32 

Dwarf Calif. B. no. 5 

23.8 

42.0 

21 

45 

Long Pod Cream 

26.7 

37.5 

20 

45 


1 Experimental period 4 weeks. There were 2 trials in each test consisting of 6 
rats each. The average gain in weight is the average of 12 rats in each case. 


differs -from that of the other varieties either in amount 
or in the availability of some other indispensable amino acid 
or acids. 

SUMMARY 

Lima beans, pinto peas, English peas and Southern peas 
were compared with casein and with egg albumin as sources 
of protein for the growth of rats. The legumes were tested 
raw and after they had been autoclaved at 15 pounds pressure 
for 30 minutes. The heated Lima and pinto beans were 
superior to the raw beans as sources of protein; the raw 
Southern and English peas were slightly superior to the 
heated peas. 
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The nutritive values of all the legumes were increased by the 
addition of 0.2% of methionine if the legume was heated before 
the methionine was added. Raw Lima beans were improved 
only slightly by the addition of methionine. On the other 
hand, raw English peas were improved markedly by supple- 
mentation with this amino acid, and the raw peas plus methion- 
ine were slightly superior to egg albumin when the heated 
legumes were supplemented with 0.2% of methionine. South- 
ern peas were superior to casein but they had a lower value 
than egg albumin unless lysine and trptophane were fed in 
addition to methionine. 

In tests with Southern peas and with pinto beans 0.2% of 
methionine was required to give a maximum rate of growth. 
One-tenth % was not enough and 0.3% was no better than 
0 . 2 %. 

The Jackson Purple Hull, Long Pod Cream and Dwarf 
California Blackeye no. 5 varieties of Southern peas were 
compared with each other as sources of protein for growth. 
The tests were carried out in each case with heated peas and 
with and without the addition of methionine. The Jackson 
Purple Hull had a lower nutritive value in both tests than 
the other two varieties. These data suggest that protein avail- 
ability may be lower in the Jackson Purple Hull, or that a 
smaller quantity of one or more of the essential amino acids 
may be present. 

ACKNOWLEDGMENTS 

The author is indebted to Dr. William H. Brittingham, De- 
partment of Horticulture, Texas A. and M. College, for 
supplying the Southern peas and for valuable suggestions; 
to Merck and Company, Inc., Rahway, N. J., for vitamins; 
and to Jeanne DeMottier and Nancy Muller for valuable tech- 
nical assistance. 

LITERATUBE CITED 

Bowman, D. E. 1944 Fractions derived from soybeans and navy beans which 
retard tryptic digestion of casein. Proe. Soc. Exp. Biol. Med., 57 : 139. 
Brittingham, W. H. 1946 A key to the horticultural groups of varieties of 
the Southern pea, Vigna Sinensis, Proc. Am. Soc. Hort. Sei., 48 : 478. 



462 


L. R. RICHARDSON 


Evans, R. J., and J. McGinnis 1946 The influence of autoclaving soybean oil 
meal on the availability of cystine and methionine for the chick. 
J. Nutrition^ 31: 449. 

Everson, G., and A. Hbckert 1944 The biological value of some leguminous 
sources of protein. J. Am. Diet. Assoc., SO: 81. 

Einks, A. J., and C. 0. Johns 1921 Studies in nutrition. VI. The nutritive 
value of the protein of the Lima bean, Phaseolus lunatus . Am. J. 
Physiol., 56: 205. 

Finks, A. J. m D. B. Jones and C. 0. Johns 1922 The role of cystine in the 
dietary properties of proteins of the cowpea, Yigna Sinensis , and of the 
field pea, Pisum sativum. J. Biol. Chem., 52: 403. 

Ham, W. E., and R. M. Sandstedt 1944 A proteolytic inhibiting substance in 
the extract from unlieated soybean meal. J. Biol. Chem., 154: 505. 

Ham^ W. E., R. M. Sandstedt and F. E. Mussehl 1945 The proteolytic in- 
hibiting substance in the extract from unheated soybean oil meal and 
its effect upon growth in chicks. J. Biol. Chem., 161 : 635. 

Hegsted, D. M., and J. Worcester 1947 A study of the relation between 
protein efficiency and gain in weight on diets of constant protein 
content. J. Nutrition, 3S : 685. 

Kuiken, K. A., and C. M. Lyman 1948 The availability of amino acids in some 
foods. Fed. Proc., 7: 166. 

Ktjnitz, M. 1945 Crystallization of a trypsin inhibitor from soybean. Science, 

101 : 668 . 

1946 Crystalline soybean trypsin inhibitor. J. Gen. Physiol., 29: 

149. 

1947' Crystalline soybean trypsin inhibitor. II. General properties. 

J. Gen. Physiol., SO: 291. 

Lehrer, W. P., Jr., E. Woods and W. M. Beeson 1947 The value of meat and 
peas, alone or in combination, as a source of protein for growth. 
J. Nutrition, S3: 469. 

Osborne, T. B., L. B. Mendel and E. L. Ferry 1912 Beobachtungen fiber 
Wachstum bei Futterungsversuclien mit isolierten Nahrungssubstanzen. 
Zschr. physiol. Chem., 80: 307. 

Richardson, L. R., and A. G. Hogan 1946 Diet of mother and hydrocephalus 
in infant rats. J. Nutrition, 32: 459. 

Rose, W. C. 1938 The nutritive significance of the amino acids. Physiol. Rev., 
18: 109. 

Russell, W. C., M. W. Taylor, T. G. Mehrhoe and R. R. Hirsch 1946 The 
nutritive value of the protein of varieties of legumes and the effect 
of methionine supplementation. J. Nutrition, 32: 313. 

Schweigert, B. S. 1948 Availability of tryptophane from various products for 
growth of chicks. Arch. Bioehem., (In press.) 

Woods, E., W. M. Beeson and D. W. Bolin 1943 Field peas as a source of 
protein for growth. J. Nutrition, 26: 327. 



THE OCCURRENCE OF 5 B-YIT AMINS 
IN THE TISSUES OF PREGNANT RATS FED 
RATIONS SATISFACTORY AND 
UNSATISFACTORY FOR 
REPRODUCTION 1 

GLADYS EVERSON, ELEANOR WILLIAMS, ELIZABETH WHEELER, 
PEARL SWANSON, MATTIE SPIVEY AND MARGARET EPPRIGHT 
The Nutrition Laboratory, Foods and Nutrition Section, 

Iowa Agricultural Experiment Station, Ames 


(Received for publication May 3, 1948) 


Unsuccessful reproduction in rats, as evidenced by the 
incidence of resorptions, the development on the day of par- 
turition of a syndrome resembling toxemia of pregnancy, and 
the production of many non-viable young, has been observed 
in animals fed a ration containing partially dried autoclaved 
pork muscle and yeast as the principal sources of the B-vita- 
mins and of protein (Swanson et al., ’43; Armstrong and 
Swanson, ’43). The toxemia characteristic of animals fed 
this experimental ration developed suddenly; the rats lost 
all muscle tone, the hair was erect, the feet and ears were 
very pale and the entire body felt cold. Hematuria and vag- 
inal hemorrhage frequently were present. Death was pre- 
ceded by convulsions or coma. In most cases the female 
died before parturition occurred, although in some instances 
the young were born dead. The syndrome of toxemia occur- 

1 Journal paper no. J-1546 of the Iowa Agricultural Experiment Station, 
Ames, projects 5B6 and 671. Preliminary report appears in the Proceedings of 
the Federation of American Societies for Experimental Biology, 7, no, 1, 1948. 
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red sporadically, varying from a maximum incidence of 43% 
of the animals during initial studies to less than 5% during 
certain years. The number of pregnancies terminating in 
resorptions varied from zero to 11% in the earlier studies. 
More recently the ratio has been somewhat greater. 

For the past several years this ration has been studied in 
an effort to determine the nature of the dietary deficiency 
responsible for the poor reproductive performance. The 
diet was supplemented in turn with various materials, some 
natural and others synthetic. Fresh beef liver alone afforded 
protection against the reproductive disorders. Beef muscle, 
when substituted for the pork in twice the quantity in which 
it occurred in the original diet also improved the reproduc- 
tive record. In general, however, little conclusive evidence 
was obtained as to the dietary causes of unsuccessful repro- 
duction, and a new method of attack was necessary. 

It seemed that if the problem could be approached from 
the standpoint of examining vitamin depositions in tissues 
both of normal animals and rats fed the experimental pork 
diet, information might be gained regarding the nature of 
the dietary inadequacy. The facts (a) that liver exerted 
a protective influence, and (b) that the recent occasional 
appearance of the toxemia occurred when yeasts containing 
higher quantities of certain of the B vitamins were used, led 
us to believe that a deficiency, either acute or border-line, of 
one or more of the B-vitamins might be the causative factor. 

The present study reports data on the occurrence of thi- 
amine, riboflavin, niacin, pantothenic acid and biotin in the 
hepatic, carcass, and fetal tissues of experimental and con- 
trol groups of rats at the termination of the first and second 
pregnancies. One group received the original pork-contain- 
ing ration designated as Pork I and the second, a modifi- 
cation of the Steenbock stock diet ( Steenbock XY) which has 
been used successfully in this laboratory for many years for 
the production of stock animals. 
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EXPERIMENTAL 

Animals 

Seventy-two female rats of inbred Wistar stock were used 
in the experiment. All animals received a modification of 
the stock ration originally formulated by Steenbock (’23) 
until the time of the opening of the vaginal orifice. The 
distribution of the experimental animals is given in table 1. 
When animals receiving the Pork I ration developed the syn- 
drome of toxemia, they were studied as a separate group. 
Replacements were made from stock so that a total of 10 
females comprised each main experimental group. 


TABLE 1 

Distribution of experimental animals 


GROUP 

DIET 

NUMBER 

OP 

ANIMALS 

TIME AT WHICH ANIMALS 

WERE SACRIFICED 

1 

Steenbock 

10 

Day of opening of vaginal orifice 

2a 

Steenbock XY 

10 

28 days (it 3 days) after opening of 
vaginal orifice 

2b 

Pork I 

10 

28 days (±3 days) after opening of 
vaginal orifice 

3a 

Steenbock XY 

10 

21.5 days ( ± 4 hours) after 1st mating 

3b 

Pork I 

10 

21.5 days (it 4 hours) after 1st mating 

4a 

Steenbock XY 

10 

21.5 days (it 4 hours) after 2nd mating 

4b 

Pork I 

10 

21.5 days ( ± 4 hours) after 2nd mating 


Four animals which developed toxemia were available for 
assay. Two of these females were originally in group 4b, 
and two were taken from other experiments. The latter ani- 
mals had been receiving a ration similar to Pork I except 
that the amount of yeast had been reduced from 5 to three 
parts. The syndrome of toxic pregnancy appeared earlier 
in the gestation period during this study than was the case 
in previous investigations; 3 of the 4 animals showed pro- 
nounced signs of toxemia on the 18th day of pregnancy and 
one on the 16th day. Tissues were taken for analysis directly 
following the death of one animal. The other three were in 
a suecumbant state. 
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Diets 

Both, rations were offered ad libitum and records of the 
daily food consumption were kept. The Pork I ration con- 
tained the following ingredients: partially dehydrated pork 
muscle, 25 gm 2 ; cornstarch, 53 gm; yeast 3 , 5gm; agar-agar, 
2 gm ; sodium chloride, 1 gm ; Osborne and Mendel salt mix- 
ture, 4 gm; butterfat, 8 gm; and cod liver oil, 2 gm. The 
pork muscle from fresh defatted hams was ground, canned 
in tin, and autoclaved for 65 minutes at 15 pounds pressure. 
Before the pork was incorporated into the ration it was 
spread on shallow Monel metal trays and dried to i its orig- 
inal weight at a temperature that did not exceed 180°F. 
Approximately one hour was required. The ingredients of 
the ration were mixed for 25 minutes in a Hobart mixer, 
after which the ration was refrigerated. A quantity of diet 
sufficient to meet the needs of the experimental group for 
three days only was prepared at any one time. Similarly, 
any ration remaining in the food cups after 24 hours was 
weighed and discarded. 

Since resorptions were appearing more frequently among 
the animals fed the Pork I ration than had been the case in 
earlier studies, lmg of alpha-tocopherol acetate was given 
orally for the first 10 days of pregnancy to rule out any crit- 
icism that the animals were not receiving enough tocopherol 
to meet the needs of normal reproduction. 

The modified Steenboek diet was composed of the following 
items: yellow cornmeal, 56 gm; crude casein, 5gm; linseed 
meal, 16 gm; ground alfalfa, 2gm; sodium chloride, 0.5 gm; 
calcium carbonate, 0.5 gm; yeast 4 , 9.5 gm; yeast (irradiated), 
0.5 gm; and wheat germ, 10 gm. To each 100 gm of the dry 

3 Equivalent to 15 parts protein. 

“Northwestern Yeast Co v Chicago, 111. 

* Pabst IV. 
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ration 5 were added 33.3 gm of dried whole milk®. The ration 
was further fortified with 5gm of ground round of beef 7 
and 10 gm of fresh carrot 8 , each fed three times weekly. Fif- 
ty mg of cod liver oil were fed daily in a supplement cup. 

Mating of animals 

The animals in groups 3 and 4 were mated when they were 
10 to 11 weeks of age. Cells from the vagina were examined 
daily thereafter until pregnancy ensued. Positive matings 
were established by identification of sperm in the vagina or 
by the presence of a vaginal plug. The animals were sacri- 
ficed as near the termination of pregnancy as possible. 

Numerous observations in earlier studies had shown that 
females fed the Pork I diet rarely weaned their young, while 
mothers receiving the Steenbock XV ration almost always 
were able to do so. By eliminating the first litters born to 
females in groups 4a and 4b, it was possible to evaluate the 
two rations as to adequacy for reproduction alone. These 
females were remated immediately for a second pregnancy. 

Preparation of samples for analysis 

The animals were killed by injection of sodium pentobar- 
bital. The hair and skin were removed as rapidly as possible 
and these tissues, together with the intestinal tract and its 
contents, were weighed and discarded. The liver was excised 
and weighed, and the entire organ mixed in a "Waring Blen- 
dor with acetate buffer (pH 4.6-4.8). The suspension was 
diluted with distilled water to a final weight of approximately 
250 gm. 

5 The trace elements potassium iodide, manganese sulfate, potassium aluminum 
sulfate and copper sulfate were added to the dry basal ration. 

8 Klim. This amount was equivalent to approximately 25 ml of reconstituted 
milk and was the amount offered routinely to all pregnant stock animals in this 
laboratory. 

7 Ground round of beef purchased in advance and stored at 20° F. 

8 Fresh carrots purchased in advance and stored at 20° F. 
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In the case of the pregnant animals, the fetuses were re- 
moved from the uterus, weighed, and carefully examined. 
The total fetal tissue was blended in the Waring Blendor. 

Carcass weight was determined by difference and was equal 
to the total weight of the animal minus the weight of the hair, 
skin, intestinal tract, liver, and in certain cases the fetuses. 
The carcass was ground in a meat grinder two or three 
times, after which the entire tissue was transferred to a War- 
ing Blendor for more thorough mixing. All tissues were 
transferred to 4 pint Kerr jars, covered with a thin layer of 

TABLE 2 

Average daily intake of vitamins of rats during pregnancy 


VITAMIN INTAKE 


VITAMIN 

Steenbock XV 

Pork I 

1st 

pregnancy 

2nd 

pregnancy 

1st 

pregnancy 

2nd 

pregnancy 


tiff 

tiff 

tiff 

tiff 

Riboflavin 

90 

87 

36 

37 

Niacin 

787 

699 

528 

554 

Biotin 

2.71 

2.69 

0.38 

0.40 

Pantothenic acid 

1088 

1047 

131 

137 

Thiamine 

145 

140 

130 

136 


toluene and frozen at — 10°F. The samples were stored in the 
frozen state until analyses could be made. 

Analytical procedure 

The tissues, rations, beef, and carrots were prepared for 
the various vitamin assays as follows: riboflavin, hydroly- 
sis with 0.1N H 2 S0 4 ; niacin, hydrolysis with IN H 2 S0 4 ; bio- 
tin, hydrolysis with 4N H,S0 4 for two hours; pantothenic 
acid, enzymatic digestion at pH 4.6 with Mylase P ; and thia- 
mine, digestion with a combination of takadiastase and pa- 
pain. The microbiological method was used for all assays ex- 
cept thiamine, which was determined by the Hennessy method 
( ’42). The basal medium used was that of Landy and Dicken 
(’42). 



VITAMIN B-COMPLEX IN' REPRODUCTION 


469 


RESULTS AND DISCUSSION 

Vitamin intake 

The respective quantities of each vitamin consumed by the 
experimental groups during the first and second pregnan- 
cies are given in table 2. The Pork I diet provided markedly 
less pantothenic acid and biotin, somewhat less riboflavin 
and niacin, and approximately the same amount of thiamine 
as was furnished by the stock ration. It should be mentioned 
that the amount of food consumed by the 10 females of a 
given group agreed closely, and that there was very little 
change in total food consumed as pregnancy progressed. 


TABLE 3 

Average weight of hepatic, “carcass,” and fetal tissues 


GROUP 

LIVER 

“carcass’' 

NUMBER OP 
YOUNG PER 
LITTER 

PETUSES 


gm 

gm 

gm 

gm 

3a Steenbock XV 

10.0 

143.9 

8.6 

34.7 

4a Steenbock XV 

10.3 

160.2 

10.3 

42.5 

3b Pork I 

9.7 

146.4 

4.7 

17.8 

4b Pork I 

9.5 

162.0 

7.7 

28.8 

“ Toxic ” animals 

7.2 

150.9 

11.7 

3.6 


General observations 

The animals fed the two experimental rations grew at the 
same rate in the 4-week interval preceding pregnancy, the 
average weight gains of each group being 76 and 78 gm. 
Variation was observed, however, in the response of the ani- 
mals to the two dietary regimens during pregnancy. The 
two litters produced by females receiving the Steenbock XV 
ration looked normal in every respect. 

The reproductive performance of females fed the Pork I 
diet was unsatisfactory. Two of the 20 females developed 
the pregnancy disorder resembling toxemia, several animals 
resorbed their young, and the number of young borne by the 
females of groups 3b and 4b averaged only 4.7 and 7.7. 
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Observations relating to the respective weights of the ma- 
ternal carcass, the maternal liver and the fetuses produced 
are shown in table 3. The small size of the livers of the 
toxic animals is characteristic (Armstrong, ’39). All livers 
of rats fed the pork-containing diet were mottled, yellow, 
and somewhat friable. 


TABLE 4 


Average concentration of vitamins in the tissues of rats at parturition 


VITAMIN 

DAILY 

VITAMIN 

INTAKE 

RATION PREGNANOY 

LIVER 

“CARCASS” 

EETUSES 


flff 



fig/gm 

figlgm 

iig/gm 

Eiboflavin 

90 

Steenbock XV 

1 

21.4 

2.4 

2.6 


87 

Steenbock XV 

2 

24.3 

2.3 

2.5 


36 

Pork I 

1 

18.4 

2.3 

1.9 


37 

Pork I 

2 

19.7 

2.3 

1.8 



‘ 1 Toxic } ’ animals 

- 

27.0 

2.1 

1.5 

Niacin 

787 

Steenbock XV 

1 

112.9 

50.9 

28.6 


699 

Steenbock XV 

2 

109.1 

54.9 

30.4 


528 

Pork I 

1 

122.5 

54.6 

32.4 


55 4 ■ 

Pork I 

2 

118.1 

49.3 

28.9 



ct Toxic ” animals 

- 

151.0 

48.6 

14.1 

Biotin 

2.71 

Steenbock XV 

1 

0.92 

0.074 

0.119 


2.69 

Steenbock XV 

2 

0.92 

0.058 

0.101 


0.38 

Pork I 

1 

0.67 

0.068 

0.057 


0.40 

Pork I 

2 

0.70 

0.055 

0.053 



“Toxic* * animals 

- 

0.87 

0.065 

0.032 

Pantothenic 

1088 

Steenbock XV 

1 

89.2 

6.4 

37.7 

acid 

1047 

Steenbock XV 

2 

70.2 

6.0 

32.1 


131 

Pork I 

1 

45.4 

6.5 

37.8 


137 

Pork I 

2 

39.7 

5.8 

30.9 



“ Toxic ” animals 

- 

69.4 

6.9 

16.3 

Thiamine 

145 

Steenbock XV 

1 

10.5 

1.2 

2.4 


140 

Steenbock XV 

2 

10.4 

1.1 

2.4 


130 

Pork 1 

1 

6.8 

1.3 

2.2 


136 

Pork I 

2 

6.9 

1.3 

2.1 



‘ ‘Toxic ’ ’ animals 

- 

8.0 

1.1 



Only data on the occurrence of the vitamins in the mater- 
nal and fetal tissues of groups 3 and 4 will be presented at 
this time. These figures are given in table 4. Information 
on the concentration of the vitamins in tissues of younger 
animals will be reported in another paper. 
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Riboflavin 

The normal reproductive performance of females receiving 
the Steenbock XV ration suggests that the daily intake of 
90 Mg of riboflavin during pregnancy provides enough and 
possibly some surplus of this factor for normal reproduction. 
The fact that the respective concentrations of riboflavin in 
the fetal tissues and the maternal hepatic tissues agreed so 
closely at the termination of both the pregnancies is addi- 
tional evidence that 90 Mg of riboflavin is ample for repro- 
duction. 

On the other hand, the 36 Mg of riboflavin provided daily 
by the Pork I ration did not allow deposition of riboflavin 
in hepatic or fetal tissues equal to that characteristic of ani- 
mals receiving the stock ration. One might conclude, then, 
that the lower intake was not optimum during pregnancy. 
The difference in riboflavin intake provided by the two ra- 
tions, however, seemed to have no influence on the concen- 
tration of this factor in the “carcass” tissues. This finding 
is in agreement with the work of others; the concentration 
of vitamins in the liver is a better indication of the state 
of nutrition of the animal than the vitamin content of other 
tissues. 

The 4 females which developed toxemia of pregnancy con- 
tained approximately the' same total quantity of riboflavin 
in their livers as the other animals receiving the Pork I 
diet, but due to the smaller weight of their livers the concen- 
tration of vitamin per gram of fresh tissue appears high. 
Since the young produced by such females were representa- 
tive of fetal tissue on the 16th and 18th days of pregnancy 
and no young of toxic animals were available on the final day 
of pregnancy, no information was obtained on the effect of 
the toxic state of the female on the concentration of this vita- 
min in the fetal body. 

While the low intake of riboflavin characteristic of animals 
receiving the Pork I ration may have had some bearing on 
the outcome of pregnancy, and particularly on the condition 
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of the young at birth, the degree of deficiency of this factor 
appears to be minor when compared with findings relating 
to biotin and pantothenic acid. 

Niacin 

No significant differences were found between the concen- 
trations of niacin in the hepatic, “carcass”, or fetal tissues 
of rats receiving the two types of rations, even though these 
rations provided quite different quantities of the vitamin. 
Regardless of the niacin intake of the mothers or the aver- 
age number of young produced, the concentration of this fac- 
tor per gram of fresh fetal tissue was strikingly constant, 
28.6 to 32.4 qg per gram. This uniformity in the niacin content 
of the tissues was not surprising in view of the work of Ers- 
hoff (’46) on the dispensability of dietary niacin for repro- 
duction. The present data seem to indicate that the niacin 
concentration of the tissues was normal in animals fed both 
rations, and that the disorders of reproduction observed in 
rats fed the Pork I ration were not related in any way to the 
niacin content of the diet or to the concentration of this fac- 
tor in the various tissues. It was interesting to find that the 
embryonic tissues of toxic mothers on the 16th and 18th days 
of pregnancy contained very small amounts of niacin. It is 
regretted that no full-term young of toxic animals were 
available for comparison. Possibly the low concentration 
of this factor in the young of toxic females on the 16th and 
18th days of pregnancy is typical of normal embryonic tis- 
ues at this age. 

Biotin 

The wide difference in the amount of biotin provided by 
the two rations, and the finding that the maternal stores of 
the animals fed the Pork I diet were low in this factor, lead 
one to suspect that a biotin deficiency was an influencing 
factor in the disturbances of pregnancy noted among animals 
receiving the Pork I ration. Since the young of such females 
contained only 50% as much biotin as did the litters of moth- 
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ers fed the Steenbock XY ration, it is likely that a deficiency 
of this vitamin also was important in affecting the survival 
of the young. This finding may explain the high mortality 
rate observed for the young of females fed this ration. 

The limited intake of biotin provided by the Pork I ration 
may also prove of importance through its interrelationship 
with pantothenic acid, which also was low in this ration. 

Pantothenic acid 

The Steenbock XV diet was especially rich in pantothenic 
acid, providing over lmg of the vitamin daily as calcium 
pantothenate. Animals consuming this ration averaged ap- 
proximately 89 |jg of pantothenic acid per gram of hepatic 
tissue at the end of the first pregnancy and their young con- 
tained over 37 Mg of the vitamin per gram. This high con- 
centration of pantothenic acid noted in the young of control 
animals is in agreement with the findings of Henderson 
et al. (’42) and TTnna and Richards (’42), who have sug- 
gested a high requirement for this vitamin in the young 
animal. When the rats were continued on the control diet 
for a second pregnancy, the concentration of the vitamin in 
the hepatic tissue diminished from 89 to 70 Mg per gram. At 
this time the average concentration of pantothenic acid in 
the fetal tissue was 32 Mg per gram. 

In the case of the animals receiving the Pork I diet which 
supplied only 130 to 140 Mg of pantothenic acid per day, he- 
patic stores of the vitamin were markedly reduced, only 45 Mg 
per gram being present at the end of the first pregnancy. 
The concentration of this factor in the young, however, was 
comparable to that in the young of females fed the control 
ration. The maternal stores at this intake of pantothenic 
acid seemingly were being used in an effort to maintain 
high concentrations of the vitamin in the developing young. 
When the animals were remated for a second pregnancy, the 
liver stores of the vitamin were reduced still further (39.7 
Mg per gram), although the average concentration of panto- 
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tkenic acid in the 10 second litters was still close to the nor- 
mal value of the fresh fetal tissues of the control rats. 

In the group of 10 pork-fed animals that underwent second 
pregnancies, three females produced litters containing 10, 
10, and 11 young. On the final day of pregnancy, when the 
animals were sacrificed, it was observed that these rats had 
gained only 67, 53, and 48 gm respectively, in contrast to in- 
crements ranging from 80 to 100 gm in the other 7 females. 
Pantothenic acid assays of the fetal tissues of the three ani- 
mals revealed concentrations of 23.4, 23.9, and 23.8 Mg of the 
vitamin per gram of fresh tissue. It is believed that these 
three females were sufficiently .depleted in pantothenic acid 
to be unable to transfer ample amounts of it to their devel- 
oping young, and that the fetuses were being resorbed at 
the time the mothers were sacrificed. 

Since the concentration of pantothenic acid in fetal tissue 
was as high as 37 Mg per gram in normal animals, it was 
surprising to observe that the embryonic tissues of females 
which became toxic on the 16th and 18th days of pregnancy 
contained only 16 Mg per gram. The small amounts of fetal 
tissues present in the uteri of such animals, together with 
their low pantothenic acid concentration, suggest that a 
shortage of pantothenic acid was one of the causative factors 
in the resorptions that were occurring. 

The importance of pantothenic acid in reproduction, to- 
gether with the role of the vitamin and its interrelationship 
with biotin, are questions which are still unsettled. Nelson 
and Evans (’46) have reported that pantothenic acid is 
needed to prevent failure of implantation, resorptions, and 
birth of defective litters in rats. Emerson and Wurtz (’44) 
noted that a biotin deficiency was aggravated by superim- 
posing a deficiency of pantothenic acid and, conversely, that 
the feeding of biotin appeared to lessen the severity of the 
syndrome associated with a lack of pantothenic acid. These 
findings have afforded some interesting speculations con- 
cerning the multiple deficiency encountered in pregnant ani- 
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to explain the toxic pregnancy and other abnormal symptoms 
noted. Wright and Welch (’44) have shown that the con- 
centrations of pantothenic acid in the hepatic tissues of rats 
deficient in folic acid, biotin, and pantothenic acid did not 
return to normal after the administration of this vitamin un- 
less biotin and folic acid were fed simultaneously. The findings 
of Pilgrim et al. ( ’42) ; Dorfman et al. ( ’42) ; Hills ( ’43) ; and 
Novelli and Lipman (’47) on the importance of pantothenic 
acid in the removal of pyruvic acid, together with those in the 
recent paper by Shive and Rogers (’47) relating to the func- 
tion of biotin in the carboxvlation of pyruvic acid to oxalacetic 
acid, may be the beginning of a better understanding of the 
role of these two factors in metabolism. 

The development of the dramatic symptons of toxemia en- 
countered in 4 animals during these experiments is difficult 
to understand. Histological examinations of the tissues sug- 
gest that these changes may be brought about by some toxic 
substance produced in the resorbing fetal tissue (Armstrong 
and Swanson, ’43). The fact that in almost every case in 
which females developed the pregnancy syndrome the ani- 
mals were producing large numbers of young, coupled with 
the observation that the disorder appeared near the termina- 
tion of pregnancy, may mean that the large fetal mass de- 
pleted of vitamin could not be completely resorbed without 
damage to the deficient mothers. A third possibility may be 
that shortages of biotin and pantothenic acid induce meta- 
bolic changes in the maternal rat of sufficient magnitude to 
cause death. On the other hand, pregnancy may merely in- 
crease the animal’s need for these two factors. Also, the 
shortage of pantothenic acid may have damaged the adrenal 
gland sufficiently to produce the symptoms of toxemia di- 
rectly. Histologic studies (Molsberry, ’43) of the glands 
have shown that acute hemorrhagic necrosis accompanies 
the appearance of the toxic syndrome. These various possi- 
bilities are being studied. 
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Thiamine 

Since the daily thiamine intake was much the same for 
all pregnant rats, it was surprising to find that the concen- 
trations of thiamine in the tissues varied considerably be- 
tween the groups of animals fed the two kinds of rations. The 
average vitamin concentration in the hepatic tissue of ani- 
mals fed the Pork I ration was 6.8 ng per gram at parturition, 
approximately § the concentration found in animals receiving 
the control diet. Since thiamine, biotin, and pantothenic acid 
are all recognized as functioning in carbohydrate metabolism, 
this lower concentration of thiamine in the livers of animals 
receiving the Pork I diet may mean that more thiamine was 
needed when the biotin and pantothenic acid intakes were 
low. Additional information regarding this point is being 
collected at this time. Note should be made of other experi- 
ments to be reported shortly which show that the glucose tol- 
erance curves of pork-fed rats are abnormal. This abnormal 
response to glucose administration is intensified in toxic ani- 
mals. 9 

SUMMARY 

In an effort to determine the cause of unsatisfactory re- 
production in rats fed a ration containing pork muscle and 
yeast as the main sources of protein and the B-vitamins, the 
concentrations of thiamine, riboflavin, niacin, biotin and pan- 
tothenic acid have been measured in the diets and in the 
tissues of pregnant animals. The occurrence of the 5 vita- 
mins in hepatic, carcass, and fetal tissues on the final day of 
1st and 2nd pregnancies has been determined in animals 
fed two types of rations. A modified Steenbock stock ration 
was used as the control diet, since it was known to promote 
normal reproduction. 

Vitamin assays of the rations revealed that the animals 
which showed poor reproductive performance were consum- 
ing quantities of thiamine equal to those fed the modified 
stock diet, but that their riboflavin intake was somewhat 
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lower than that of animals fed the control ration. The great- 
est differences in vitamin intakes were observed in respect 
to biotin and pantothenic acid; the inadequate diet provided 
only 15% as much of these factors as was supplied by the 
stock diet. 

The concentration of vitamins in the tissues indicated that 
a desirable intake of riboflavin during reproduction falls in 
the range of 36 to 90 ng per day. 

Animals fed either ration contained large amounts of niacin 
in their tissues, and the concentration of this factor seemed 
independent of the dietary intake. 

The concentration of biotin in both the maternal liver and 
the young of animals fed the ration providing minimal sup- 
plies of biotin was subnormal. 

Animals receiving the inadequate ration were markedly 
depleted in pantothenic acid as judged by the low concentra- 
tion of this factor in the hepatic tissue. They appeared to 
transfer large amounts of this vitamin to the developing 
young until severe maternal depletion occurred. 

When dietary inadequacies of both biotin and pantothenic 
acid occurred, as seemed to be the case when the Pork I ra- 
tion was given, the animals lost the ability to store thiamine 
in customary amounts in their livers, after dietary supplies 
had been transferred to the fetuses. Perhaps in a simultan- 
eous deficiency of biotin and pantothenic acid a larger in- 
take of thiamine is needed to permit deposition of normal 
quantities in the liver. 
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Purified rations have been found adequate for the complete 
life cycle of the rat, though a number of investigators have 
reported improvement in the lactation when various naturally 
occurring foodstuffs were added to the ration (Richardson 
and Hogan, ’45 ; Vinson and Cerecedo, ’44 ; Nelson and Evans, 
’47a; and Sporn, Ruegamer and Elvehjem, ’47). Rations com- 
posed of corn, soybean oil meal, alfalfa leaf meal and minerals 
supplemented with the recognized nutrients have supported 
less satisfactory lactation than the purified rations (Spitzer 
and Phillips, ’46). The requirements for the rat during 
reproduction and lactation have recently been reviewed 
(Schweigert, ’47). 

In studies conducted at Iowa State College for a number 
of years (Swanson, Armstrong and Nelson, ’43; and Swanson 
and Nelson, ’40) another type of diet containing natural 
products which would be expected to be adequate failed to 
support rats through the entire life cycle. Rations containing 
autoclaved dried pork were markedly inferior for growth, 
reproduction and lactation to similar rations containing beef. 
The females receiving pork diets showed toxemia of preg- 
nancy with frequent deaths, fatty livers, gastric ulcers, and 

1 Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by a grant from' the National Livestock 
and Meat Board. 


479 



480 HENDERSON, SCHWEIGERT, MOZINGO AND ELVEHJEM 


complete reproductive failure in the 2nd generation. In 
more recent work (Swanson, ’44) synthetic vitamins have 
replaced 5% yeast which was used in the earlier studies as 
the source of B vitamins. Under this diet mothers gave birth 
more frequently to normal young hut in most cases lactation 
failed. Since addition of fresh liver to these rations permitted 
the rats to reproduce and lactate normally, it was concluded 
that the pork diets were deficient in some nutrient or nutrients 
required for these functions. 

Since 1944 work has been in progress in our laboratories 
in an effort to compare the value of pork with beef and other 
sources of protein in supporting rats during the reproduc- 
tive cycle. Except for a few cases, these studies have included 
only parental generation rats with two litters for each female. 
The findings, though variable and difficult to interpret, indi- 
cate that cooked pork is sometimes inferior to casein- or beef- 
containing rations, particularly for lactation. Frequently the 
performance of rats receiving pork diets is quite comparable 
to that of animals receiving rations with other sources of 
protein. Little or no difficulty has been encountered with 
toxemia of pregnancy or non-viable young. 

EXPERIMENTAL 

Care of 'animals 

Twenty-one-day-old, weanling, female rats obtained from 
Sprague-Dawley were used in all studies. In the first 4 
experiments 6 rats per group were used, but in experiments 
V and VI each group contained 8 animals. Three or 4 rats 
were kept in each raised screen-bottomed cage. They received 
the experimental rations ad libitum, until removal to indivi- 
dual cages 5-7 days prior to parturition. Weights were 
recorded once each week until after mating and at least every 
three days during the gestation period. 

In the first three experiments the females were mated with 
stock-colony males at 80 days of age. Mating was delayed 
until 100 days of age in the later experiments. Pregnant 
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females were placed in individual cages with a sheet metal 
floor and wood shavings for a nest. The young were counted, 
but not handled until the day following birth, when the mother 
and young were weighed and the number of young reduced 
to 6 per litter. Weights of young and mothers were recorded 
at weekly intervals, i.e., on the 8th, 15th, and 22nd days fol- 
lowing parturition. The young were weaned on the 22nd 
day. The females were continued on the same ration in most 
cases and mated again one month later. 

Composition of rations 

Minor changes in the methods of compounding, handling 
and storing rations were made as the studies progressed. 
These changes are described in the paragraphs which follow. 
All rations were compounded isocalorically to maintain a 
constant protein content and the same mineral and vitamin 
composition, exclusive of these elements furnished by the 
meats. 

The basal ration had the following composition: Meat or 
casein to provide 15, 24 or 30 gm of protein, salts IV (Phillips 
and Hart, ’35) 4 gm, corn oil 5 gm, sucrose to make approxi- 
mately 410 calories, thiamine hydrochloride 0.25 mg, ribo- 
flavin 0.30 mg, pvridoxine 0.25 mg, nicotinic acid 1.5 mg, 
DL-calcium pantothenate 2 mg, choline chloride 100 mg, inositol 
100 mg, para-aminobenzoic acid 30 mg, biotin 0.01 mg, pteroyl- 
glutamic acid 0.02 mg, and a-tocopherol 10 mg. In addition, 
two drops weekly of a mixture containing corn oil, halibut 
liver oil, a-tocopherol and menadione were given. The daily 
intakes of fat soluble vitamins from this source were approxi- 
mately 400 I.U. of vitamin A, 4 I.U. of vitamin D, 0.5 mg of 
a-tocopherol and 0.04 mg of menadione. 

In the first two experiments the water soluble vitamins were 
added to the ration in solution at levels equivalent to those 
shown above, except that biotin was added at 0.002 mg per 
100 gm and no pteroylglutamic acid was used. The nicotinic 
acid was increased from 0.25 mg to 1.5 mg per 100 gm at the 
beginning of experiment V. The additional a-tocopherol ad- 
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ministered by dropper was begun with the 2nd litter of ex- 
periment III and continued throughout subsequent experi- 
ments. The vitamin levels were varied in experiment VI; 
group 1 in this series received the above vitamins at twice the 
concentrations shown above. 

Preparation of meats 

Meats, procured from a local packing house soon after 
slaughter, were roasted or otherwise processed as indicated 
below. Skinned, boned hams weighing approximately 7 pounds 
were roasted in an electric roaster at 350°F. until the meat 
reached an internal temperature of 180°F. This required 
approximately 4 hours of cooking. After trimming off the 
excess fat, the pork was finely ground and stored at —5° 
until used. Cuts of beef round were roasted in a similar man- 
ner, ground and stored. Analyses of a number of cuts of meat 
thus cooked indicated an average composition of: protein 
33%, fat 8%, moisture 57% for beef; and protein 27%, fat 
22% and moisture 48% for pork. ‘When fresh, dried or ex- 
tracted meats were fed, protein (by Kjeldahl nitrogen) fat 
and moisture were determined on each such preparation until 
such time as reasonably accurate average figures were ob- 
tained. 

In experiments I and II the meats were prepared in large 
quantities, ground, stored for several weeks at —5°, and 
incorporated into the rations as needed. In all other studies 
the pork was procured weekly and the beef weekly or bi- 
weekly and cooked after one to three days of cold storage. 
Cooked meat not fed within 7-10 days after cooking was dis- 
carded. All rations were made fresh at intervals of 4-10 
days and all were stored at a temperature of — 5° to -f-5°. 

The results of experiment II suggested that changes result- 
ing from rancidity of the fat might be contributing to the 
poor results with pork rations. The effect of storage time on 
the oxidative rancidity was checked by determining the perox- 
ide numbers of a number of meat samples and of the meat- 
containing rations stored for various periods of time. The 
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results of these determinations (table 1) indicated that roast 
pork, ground and stored, developed small amounts of perox- 
ides in 6 days. In 12 days considerable oxidative rancidity 
had occurred. Likewise, the ether extract of roast pork 
showed a marked increase in peroxide content after storage. 
To insure that this factor would not complicate later exper- 
iments, meats were procured and cooked frequently enough to 
preclude the possibility of undue oxidative rancidity. 

The solvent extractions required for the preparation of 
rations for experiments III and VI were made at monthly in- 
tervals, using meats (raw or cooked) which had been ground 


TABLE 1 

Peroxide numbers for meats and meat-containing rations stored at — 5° 


SAMPLE 

PERIOD STORED 

AVERAGE 

PEROXIDE 

NUMBER 


days 

per Teg of fat 

Eoast pork 

1 

4.1 

Eoast pork 

6 

3.5 

Eoast pork 

12 

35.5 

Eoast pork 

30 

47.5 

Pork fat (ether extract of roast pork) 

120 

53 

Fresh ground ham 

105 

6.5 

Eoast pork ration 

5 

4.2 

Eoast pork ration 

30 

22.6 

Beef and pork fat ration 

30 

28 


and dried in a thin layer in a current of air at 50°. The 
dried meats were covered with Skelly-solve B (50-70°) or 
ethyl ether and stirred for a few hours. The solids were 
allowed to settle and the extract decanted off. This extraction 
of the residue was repeated twice and the three extracts com- 
bined and concentrated in vacuo . Removal of the last trace of 
solvent was accomplished by bubbling nitrogen through the 
melted fat until there was no detectable odor of the solvent 
present. The crude fats so prepared were stored in a stop- 
pered brown bottle in the dark at —5° until mixed with the 
rations. The residues were dried at 50° for a few hours, 
ground to a fine powder and stored at — 5° in a closed con- 
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tainer until used. For experiment II a continuous extractor 
was used for the preparation of the ethyl ether extract. 

RESULTS 

The data on the reproduction and lactation of rats in 
all experiments are presented in table 2. In the 1st ex- 
periment the rations were patterned after those of Swanson 
et al. (’43) in that two levels of protein were provided, 15 
and 30%. All meats were cooked, ground and stored until 
needed, sometimes for several weeks. The pork-containing 
rations failed to support good reproduction and lactation. A 
large number of the young were horn dead or died soon after 
birth; they were small and grew poorly, especially when the 
mothers received the low level of protein. Impaired lacta- 
tion, particularly in the 2nd litter, was evident in the groups 
receiving pork rations. A large number of the females in all 
groups contracted upper respiratory infections and died or 
failed to mate the 2nd time. One female receiving the 30% 
pork protein ration died during parturition. Except for this 
one case, no manifest difficulties arose at parturition and the 
severe symptoms reported by Swanson and Nelson (’40) 
were not noted. 

In the 2nd experiment, one level of protein (30%) was 
used. The ether extract of cooked pork was added to the beef- 
containing ration (group 5). G-roup 6 differed from group 1 
only in that the hams were roasted fresh each week. As in 
experiment I, respiratory infection was a complicating factor, 
reducing the number of females to one or two in some groups 
for the 2nd mating. For this reason, data are not presented 
for the 2nd litter in these two experiments. 

In all subsequent experiments the incidence of respiratory 
infection was lower. Although minor colds, which usually 
cured spontaneously, occurred following the 1st litter, it 
was felt that they did not complicate the results. Attempts 
to correlate the reproduction and lactation performance 
with the occurrence of these infections were not successful. 
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For example, in experiment V, 2nd litter, approximately 
33% of tlie beef -fed rats had pulmonary congestion as shown 
by autopsy immediately after losing or weaning young, while 
41% of the pork-fed rats and 12% of the casein-control 
animals were infected. In all experiments the incidence of 
lung infection was approximately 30%, but rarely was it 
severe enough to result in weight loss by the females. 

In experiment II all rations contained 24% protein, and 
this level of protein was adopted for all subsequent experi- 
ments. Unused rations and cooked meat were discarded one 
week following cooking to insure that rancidity or spoilage 
would not result. All uneaten rations were removed from 
the feed cups daily and the cups were carefully washed twice 
weekly. Seldom was any evidence of spoilage detected in the 
uneaten portions. Changes in the rations of some groups 
were made immediately after the 1st litter was weaned. The 
4% liver extract, which had no pronounced effect on the 
reproductive performance of rats receiving roast pork as the 
source of protein in the 1st litter (group 4), was replaced by 
2 ml of fresh milk per female rat per day for the 2nd litter 
(group 4a). The petroleum ether residue of roast pork (group 
5) was replaced by the ethyl ether residue (group 5a), and the 
petroleum ether extract of roast pork (group 9) was replaced 
by the ethyl ether extract (group 9a). The level of the “B” 
vitamin mixture was doubled for the 2nd litter for the groups 
receiving the high lard ration (groups 10 and 10a). 

In all groups the performance of females was better than 
in the two previous experiments. Nearly all became pregnant. 
In the 2nd mating, vaginal smears were made daily from 
the time of mating until pregnancy was established. Only one 
resorption was recorded. Change in weight appears to be an 
adequate indication of pregnancies and resorptions in such 
studies. The control group, receiving a 24% casein ration, 
successfully reared a major portion of the young born, giving 
results quite comparable to those obtained by other workers in 
this laboratory using animals from the same source (Sporn 
et al., ’47). Furthermore, most of the females receiving ra- 
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tions containing pork or preparations of pork did almost 
as 'well. From 80 to 100% of the mated females gave birth 
to young, and 55 to 80% of the young survived 24 hours. The 
lactation was fair, one-half to two-thirds of the females wean- 
ing 4r-6 young. Exceptions were the animals receiving the 
ethyl ether residue of cooked pork, the petroleum ether ex- 
tract of the cooked meat, and those receiving the milk sup- 
plement. In these cases, one-third or less of the females 
weaned 4-6 young. Doubling of the vitamin supplement added 
to the high lard ration caused marked improvement, espec- 
ially in lactation. Whether the requirements of some vitamins 
for lactation are higher than the amounts fed when the ration 
contained much fat, or there was enhanced destruction of one 
or more vitamins during the one-week storage of them already 
mixed-in the ration, has not been determined. That one of the 
two was involved is indicated by the differences in the results 
obtained with groups 7 and 10. 

In the next experiment (IV), started while experiment III 
was still in progress, high lard diets were fed in an effort 
to determine if the high fat level was resulting in oxidative 
changes. Five per cent corn oil rations were compared with 
high levels of stabilized and non-stabilized lard. 2 The lard 
replaced approximately 60% of the sucrose isocalorically to 
give a ration containing 30% fat by weight (23% lard). The 
B-vitamins were doubled in all groups. In this experiment, 
and in the two which followed, the 1st mating was delayed 
until the females reached 100 days of age. All of the females 
became pregnant, most of them produced normal, healthy 
young, and most of the young survived for 24 hours. The 
lactation index was only 42% for the 2nd litter in the group 
receiving stabilized lard. The reason for this inferiority was 
not evident. Three of the females lost all of their young 
in the 1st week and none had a respiratory infection. The 
performance of the casein-corn oil control group was better 
than in the previous experiment, possibly because of the more 

2 Kindly supplied by Armour and Company, Chicago, Illinois. 
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advanced age at the time of mating. 3 The results indicated 
that when fat is substituted isocalorically for carbyhydrate it 
does not markedly affect the reproductive functions of rats 
receiving 24% casein rations in the presence of adequate 
levels of vitamins. 

Because experiment III (groups 10 and 10a) indicated in- 
creased destruction of, or increased requirement for one or 
more B-vitamins in rations high in lard, the next experiment 
was planned to ascertain the effect of supplementing casein, 
beef and pork rations with addition of B-vitamins and fresh 
liver (see table 2). It will be noted that in contrast to the 
results of experiment III, animals receiving pork rations 
failed to lactate properly in both litters. Doubling the B- 
vitamins had no effect, while 0.5 gm of fresh beef liver per 
day resulted in some improvement in this function. Inferior 
lactation in the 1st litter by females receiving the casein 
control ration was improved by doubling the vitamins, and 
was further improved by supplementing with fresh liver. 
Increased vitamin levels appeared to increase the mortality 
of young and to decrease the lactation of the females re- 
ceiving the roast beef. 

The observation that increasing B-vitamin levels had a det- 
rimental effect on the beef-fed rats but improved the casein 
and pork-fed rats, and the findings of Bichards ( ’45), indicate 
the possibility of an imbalance of vitamins being responsible 
for the inferiority of pork to beef and casein in certain ex- 
periments. This possibility was investigated in experiment 
VT. 

In the previous experiments all of the vitamins were added 
without correcting for those provided by the meats in the 
rations. In this experiment, B-vitamins were added to the 
rations, as indicated in table 2, in three different patterns: 
(1) At twice the regular levels in addition to those provided 
by the moats; (2) only thiamine, riboflavin, nicotinic acid, 

3 Rats from this source receiving stock diets have been found to mate and 
reproduce more successfully if they are at least 100 days of age (R. K. Meyer, 
unpublished) . 
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pyridoxine, calcium pantothenate and choline at twice the 
regular levels, taking into account the amounts of these 6 
vitamins present in the meats ; and (3) the same as (2) except 
that regular levels of biotin, folic acid, inositol and p-amino- 
benzoie acid were provided in addition to those furnished by 
the meats. Other variations included the replacement of a 
portion of the pork by casein and beef, and supplementation 
of the pork rations with fresh liver or a liver extract. In 
contrast to experiment V, lactation was good in all groups 
(85% or more). In some groups one or two females failed to 
become pregnant and in a few instances the young were less 
viable. Unusually good performances in all respects were 
obtained with casein, a pork-beef mixture or petroleum ether- 
extracted pork as the protein sources. The improved per- 
formance was also reflected in larger young at birth and at 
weaning than had been obtained previously (table 2). The 
young from mothers on lower fat rations (groups 4 and 9) 
were smaller than those in other groups. There is some indi- 
cation that the young survived the first two days of life better 
when the mothers were smaller, but this correlation does not 
exist in all groups. The uniformly good results in this ex- 
periment prevented the observation of any possible influences 
of the vitamin imbalance which may exist in these rations. 

From the more or- less uniform results obtained with casein 
and beef in the last 4 experiments, and the extremely variable 
results with pork, it seems probable that the quality of the 
pork was an important factor in these studies. In experiment 
III the roast pork appeared to maintain nearly an adequate 
nutritional state for the reproductive cycle ; in experiment V, 
however, roast pork failed to support good lactation unless 
supplemented with fresh beef liver. Again, in experiment VI 
roast pork supplied the necessary nutrients for a relatively 
good reproductive performance. It should be pointed out that 
group 1, experiment VI, and group 5, experiment V, received 
identical rations except that different batches of meat were 
used. The cuts of meat used in all experiments except I and 
II were obtained from market hogs and were purchased often 
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enough to represent a cross section of the hogs sold in this 
locality at the time. 

The growth rates of the females receiving pork rations 
were never inferior to groups in the same experiment receiv- 
ing other rations. Often they grew slightly better than the 
control groups receiving casein as the protein. The average 
weekly growth rate was approximately 25 gm (20-28 gm) 
for all experiments during the first 6 weeks. The average 
number of young born per female was also not significantly 
affected by the rations in these studies. The averages in most 
groups were 7-9 young per litter, the 2nd litter containing 
the same number or slightly fewer than the 1st. 

DISCUSSION 

Why pork should be inferior to beef in the nutrition of the 
rat is not evident. The most notable difference in gross com- 
position, the lipid content, does not appear to be the explan- 
ation, since lard at a fat level comparable to that provided 
by pork was not detrimental when casein was the protein. 
Confirming the findings of Swanson and Nelson (’40), ran- 
cidity of fat present in the pork rations is not responsible for 
this inferiority. Deuel et al. (’47) report better reproduction 
and lactation with some fat in the ration. Increasing the 
level above 5% caused no improvement, but resulted in slightly 
higher mortality during the nursing period. Anthony (’44) 
reported satisfactory reproduction and lactation on a low 
fat diet. When rice bran concentrate was used as the source 
of water soluble vitamins and 1% linoleic acid as the sole 
lipid source, satisfactory growth, reproduction and lactation 
were obtained. When rice bran concentrate was replaced by 
the crystalline vitamins, satisfactory reproduction was found 
with 1-2% ethyl lino! ate, but growth and lactation were im- 
proved by addition of 30% butterfat or cottonseed oil. Nelson 
and Evans (’47b) reported a deleterious effect on lactation 
when the fat content of the ration was increased. They did 
not make their substitutions of fat for carbohydrate on an 
isocaloric basis, however, and the influence of increased fat 
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levels on lactation may have been the result of the effective 
lowering of protein, salts or vitamins. These ingredients 
were reduced to approximately % of the level fed on the 
high carbohydrate and high protein diets when calculated on 
an isocaloric basis. 

The protein quantity and quality do not appear to be 
responsible for the difference between pork and beef. Swan- 
son and Nelson ( ’40) found no significant change in the bio- 
logical value of pork protein during cooking. Addition of 
liver, which did not alter the biological value, improved the 
nutritive value markedly as judged by reproduction and 
lactation performances. Pork and beef protein appear to be 
very similar in amino acid composition and in biological 
value (Block and Mitchell, ’47). 

The variation from one experiment to another and the 
improvement in lactation when liver was added to the pork 
rations indicate a dietary inadequacy or imbalance. The im- 
provement of lactation on casein rations by doubling the 
B- vitamins (groups 7 and 8, experiment V) and failure to get 
improvement by this means with the pork rations suggest 
again an imbalance of vitamins or the presence of a substance 
or substances in casein and beef not present in pork muscle. 

Attempts to use the short-term method (Nelson and Evans, 
’47b) of determining the effects of supplements on lactation 
were not successful in these studies. Weight increases of the 
mothers shifted from stock diets to the meat-containing ra- 
tions at parturition were considerable in all cases. The 
variable results with pork may be related to the fact that 
hogs are monogastric animals and the pork muscle may not 
be supplied with ample quantities of unknown factors pro- 
duced by the microorganisms in the rumen of ruminants. 

It should be pointed out that these results cannot be applied 
to human nutrition, since no one would receive all of his 
protein from pork, nor would he consume pork at every meal. 
The experiments reported here are abnormally balanced in 
order to produce conditions which will allow demonstration of 
the differences between pork and other materials as sources 
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of protein. The variable factor may be the same as that 
encountered in several other studies, with various types of 
non-purified rations. 


SUMMARY 

Female rats fed rations containing pork as the source of 
protein mated normally and gave birth to apparently normal 
young, but in some cases failed to rear them. The primary 
defect appeared to be in lactation. Whereas casein-fed rats 
usually reared an average of approximately % of the young 
and beef -fed rats 80-90%, pork-fed animals reared less than 
Vz of their young in certain experiments, indicating poor lac- 
tation. In other experiments the lactation was comparable 
to that obtained with rations containing beef. 

When lactation failures were encountered with pork rations, 
increasing the B-vitamins had no effect, but fresh liver re- 
stored the lactation to that obtained when beef or casein was 
fed. 

The levels of B-vitamins commonly used in growth exper- 
iments were found inadequate for optimum reproduction 
and lactation performance with casein as the source of protein, 
especially when the fat level was high. 

Attempts to obtain a defatted pork preparation which would 
approach the beef or casein rations in supporting lactation 
were not successful. 
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During the past few years interest in cholesterol as it 
relates to human physiology has markedly increased. One 
of the primary reasons for this is the suggested association 
between the development of blood vascular disorders and 
the cholesterol intake. A number of references in the popular 
press have indicated a relation between the intake of cho- 
lesterol and some diseases of the circulatory system (Leary, 
’44; Pasquarelli, ’46; Dock, ’47). Although many papers 
on this subject have appeared since Bischoff (’32) made a 
thorough evaluation of the available literature, his conclu- 
sion that there is very little valid! evidence of the existence 
of any such relation still appears tenable. 

In addition, cholesterol is being prominently mentioned 
as a precursor of various steroid hormones (Bloch, ’45 ; Perl- 
man and Leonard, ’47), while the ester form has been sug- 
gested as the blood precursor of the fat in milk (Saarinen, 
’44). A great deal of work is being done on the relation of 
the cholesterol intake to the development of fatty livers 
(Loizides, ’38; Best and Bidout, ’36). 

1 This work was supported in part by a grant from the National Dairy 
Council, operating on behalf of the American Dairy Association, Chicago. One 
of the authors (B. N.) gratefully acknowledges a grant from the National 
Council of Jewish Women, Inc., New York, N. Y., which made it possible for 
her to do this work. 
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The increasing- interest being shown in cholesterol prompted 
a critical evaluation of the amount of this substance in milk. 
Although there are a number of reports on the level of cho- 
lesterol in cows’ milk, there is no indication as to its varia- 
tion in the milk from different cows or in that from the 
same cow on different occasions. The work reported here 
was undertaken to supply this information. 

ANALYTICAL METHODS 

The Schoenheimer and Sperry (’34) method for the an- 
alysis of free and ester cholesterol in blood was adapted 
for this work. In later reports, the Columbia group ( Sperry, 
’38; Sperry and Brand, ’43) suggested that the acetic an- 
hydride and sulfuric acid be mixed and then kept cold 
in an ice bath until used. After a number of trials, however, 
it was decided to follow the older method. According to this 
procedure, the sulfuric acid was slowly added to the colori- 
meter tube containing the acetic anhydride and the digitonin 
precipitate which was dissolved in acetic acid. The tube was 
vigorously shaken while the sulfuric acid was added and the 
shaking continued for about a minute before the tube was 
placed in a water bath maintained at 25°. All readings were 
made with an Evelyn photoelectric colorimeter at intervals 
between the 27th and 37th minute after the addition of the 
sulfuric acid to the tube. In each case, the lowest galvano- 
meter reading secured during this interval was used; it 
corresponded to the maximum color development. The cho- 
lesterol analyses were not started until experiments indica- 
ted that from 90 to 105% of the cholesterol added to milk 
could be recovered. All analyses were made in duplicate. 

The butterfat in the milk was determined by the routine 
Babcock test. These analyses were made on the Farm Cam- 
pus. The statistical evaluation of the data involved the anal- 
ysis of variance as described by Snedecor ( ’46) 2 . 

2 We are grateful to Dr. W. 0. Caster for aid in tire statistical analysis. 
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EXPERIMENTAL ANIMALS 

The cows used in this study were a part of the regular 
University Farm herd. Most of them had freshened within 
the three-month period preceding the first milk sample, 
while two of them were up to a month further along in their 
lactation period (table 1). In the early spring, when this 
study was initiated, the cows were kept in the barn. The 
milk samples obtained at that time are labeled “winter 
milk.” During the summer, the animals were kept on pas- 
ture supplemented with concentrates. The samples obtained 

TABLE 1 

Description of cows. Free and total cholesterol and butter fat in milk ■ 
(The milk samples were collected on March 24) 


cow A CIS 


LAST 

CALVING 


CHOLESTEROL 
Free Total 


PAT 



yen rs 

date 

mg/ 100 ml 

% 

Holstein 

474 

9 

2/20/47 

9.8 

9.9 

2.4 

480 

9 

2/ 3/47 

9.5 

9.5 

3.3 

838 

O 

r) 

1/15/47 




Jersey 

297 

4 

1/ 6/47 

14.1 

14.1 

4.9 

275 

6 

12/26/46 

15.0 

15.0 

5.0 

293 

4 

12/10/46 

11.5 

11.6 

3.9 

G uernsey 

639 

(> 

1/28/4T 

10.5 

10.4 

3.0 

672 

2 

2/26/47 

10.4 

10.3 

3.7 

658 

4 

11/19/46 





at that, time are called “summer milk.” Six separate samples 
were analyzed at various intervals in each of these periods. 

While the cow t s were kept indoors, they received alfalfa 
hay ad libitum, corn silage, and a grain mixture composed 
of corn, oats, barley, linseed oil meal, bone meal and salts. 
The cows were put out on pasture May 16, 1947, at which 
time the winter ration was reduced by one-half. 

The cows were milked twice each day. On each occasion, 
the milk used in this work wa s obtained in the morning and 
was a true composite of that entire milking. 



Cholesterol and h utter fat in cow's mine 1 


498 


NATAF, MICHELSEN, KEYS AND PETERSEN 




■*s 



0 

00 


00 

eo 









00 

r* 


Th 

co’ 

co 

Hi 

Hi 

id 









vf5 

















50 



L- 

©1 

00 

©3 

00 

i~- 










£ 


©•3 

©i 

©3 

©3 

iH 

© 1 * 










O 


r— 1 

rH 

rH 

rH 

rH 

1 — 1 












P- 

O 

ea 

OO 

00 

00 

co 


eo 

Hi 

O 

fc>. 

eq 

oq 

w 

<0 

Sz 

CM 

£ 


CO 

CO 

rH 

ed 

Hi 

cd 


cd 

cd 

Hi 

cd 

Hi 

cd 

M 

l> 

CO 



Hi 

rH 

0*5 

no 

00 

0 


tH 

©1 

l- 

0 

cq 

00 

s 


g 


O 

05 

05 

05 

©i 

©3 


05 

05 

rH 

rH 

r-i 

rH 

C5 


w 


rH 




rH 

rH 




rH 

tH 

rH 

rH 



es 


O 

CO 

Hi 

©3 

00 

Hi 


lO 

©3 

Hi 

ia 

©7 

lO 


04 



CO 

CO 

Hi 

Hi 

Hi 

CO 


Hi 

Hi 

Hi 

Hi 

Hi 

Hi 


50 

rZ 


lO 

05 

00 

t— 

O 

00 


O 

l- 

CO 

05 

rH 

eq 



O 


O 

©3 

CO 

Hi 

ed 

t—i 


00 

00 

O 

cd 

d 

cd 





rH 

rH 

rH 

rH 

rH 

rH 




rH 

rH 

rH 

rH 



4- 


05 

05 

00 

00 

05 

Hj 


t— 

eo 

lO 

05 

Hi 

O 


CO 

£ 


CO 

rH 

id 

rH 

Hi 

Hi 


Hi 

id 

id 

Hi 

Hi 

id 


eft 

















CJ 



10 

05 

00 

eo 

eo 

rH 


iq 

00 

eq 

Hi 

Hi 

C5 



g 


tH 

05 

« 6 

rH 

id 

cd 


cd 

cd 

rH 

Hi 

©3 

Hi 





rH 


rH 

tH 

rH 

rH 


rH 

rH 

rH 

rH 

rH 

rH 





O 

O 

CO 

LO 

eo 

LO 



b>; 

©3 

©3 

eo 

eq 

w 

VO 

b- 

1 


lO 

id 

Hi 

id 

id 

id 

£ 


id 

id 

id 

Hi 

cd 


N 


1 

O 

©q 

Hi 

CM 

co 

O 

'1 


©3 

cq 

cq 

cq 

Hi 

M 


g 


id 

Hi 

©q 

id 

co 

id 


rH 

cd 

cd 

cd 

cd 

©7 



Q 


rH 

rH 

rH 

rH 

rH 

rH 

?- 

a 

1 — 1 

1 — 1 

rH 

rH 

tH 

rH 




-h 







0 










3 







£ 








t— 

Fat 

* 

4.9 

3.8 

C- 

H 

00 

Hi 

5.2 

4.2 

m 

1 00 
! Hi 

10 

Hi 

4.7 

eq 

Hi 

6.2 

3.4 


05 

(M 



rH 

rH 

00 

O 

LO 

CO 


eq 

eq 

co 

Hi 

eq 

iq 





Hi 

©i 

©3 

CO 

rH 

Hi 


©i 

d 

05 

©i 

rH 

rH 



O 


rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 


tH 

rH 

rH 










(0 









1 

es 


Hi 

©3 

«£> 

lO 

CO 

rH 


CO 

rH 

©3 

00 

rH 

O 


838 

1h 


©3 

CO 

T— 1 

co 

CO 

©3 


cd 

CO 

cd 

©i 

cd 

cd 


d 


HJ 

00 


©1 

O 

1 — 


Hi 

C5 

t- 

eo 

iq 

O 



0 



t> 


00 

L- 

06 


00 

ed 

ed 

cd 

06 

05 

fc 


"5 


CO 

05 

O 

00 

t- 

Hi 


iq 

eo 

O 

©q 

Hi 

O 

H 

w 

E-l 

</) 

480 



CO 

©i 

©i 

©i 

Hi 

©1 


©i 

©1 

cd 

cd 

cd 

Hi 

a 


• 


LO 

CO 

Hi 

00 

rH 

10 


00 

rH 

l>> 

co 

eq 

©1 

0 


6 


05* 

05 

OO 

00 

rH 

05 


cd 

d 

rH 

id 

ed 

Hi 

W 







rH 




rH 

rH 

rH 

rH 

rH 



OS 


Hi 

lO 

n 

O 

00 

rH 

iq 


i": 

Hi 

eq 

05 

00 

©7 


h 

to 


©i 

©i 

©i 

©i 

CO 

©i 


©i 

©3 

©3 

©3* 

cd 

©i 


» 

















h 

d 


00 

eq 

iq 

0 

©3 

0 


rH 

00 

CO 


00 

oq 



O 


05 

05 

06 

05 

00 

05 


O 

05 

00 

05 

ed 

cd 












tH 




rH 



o’ 




















H< 

fc» 

0 

©3 

rH 

O 



eo 

CO 


©7 

00 


p= 

0 



C ,‘ 

r 7 l 

cp 

T 

s 

CO 


05 

rH 

Cl 

up 

rH 

rH 


O 



CO 

4< 

4( 

10 

1 

10 


1 

l— 

1 

l>- 

ll 

1 

00 

00 

00 


2 Cow 608 was sold before the experiment was completed. 
8 The values followed by 3 are explained in the text. 
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RESULTS 

The results of the analyses of the milk for both the free 
and the total cholesterol are given in table 1. The agree- 
ment between the two sets of values was so good that there 
was no reason to believe that any ester cholesterol was pres- 
ent in the milk. For this reason, the subsequent analyses 
for cholesterol involved only the precipitation with digitonin 
without any preliminary saponification. 

The values for the cholesterol and butterfat in the milk 
samples are given in table 2. The results of the statistical 


TABLE 3i 

Variations in the cholesterol content of mills 


MILK 

ALL cows 

HOLSTEIN 

JERSEY 

GUERNSEY 3 



Within- cow variation 



Winter 

11.4 ± 1.50 

8.7 ± 0.80 

13.4 ± 1.98 

11.9 ± 1.62 
12.4 ± 1.50 

Summer 

31.3 ± 1.56 

10.5 ± 2.05 

12.5 ± 1.01 

10.7 ± 1.28 



Inter-cow variation 



Winter 


8.7 ± 1.14 

13.4 ± 1.93 

11.9 ± 2.45 
12.4 ±: 1.97 

Summer 


10.5 ± 3.03 

12.5 ± 1.39 

10.7 dz 1.17 


1 The mean values together with their deviations expressed as mg/100 ml of 
milk are given in each case. 

2 The first of the 2 values after Guernsey is the mean of 2 cows; the second is 
the mean of 3. 


analysis of these data are presented in tables 3 and 4. From 
these it can bo seen that the mean cholesterol level in the 
milk was 11.4 mg per 100 ml for the winter samples and 11.3 
mg for the summer milk. When the values for all the cows 
are thus considered, there is no significant difference be- 
tween the summer and the winter milk. As will be brought 
out later, there are some slight breed differences for the 
two seasons. 

There is a slight day-to-day variation (variation between 
days, table 4) in the cholesterol content of the milk during 
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tlie summer; this variation is still less in the winter. The 
differences in the cholesterol level in the milk from the in- 
dividual cows within the same breed are significant. This 
is particularly true for the summer, when the F test shows 
a significance beyond the 1 % level. 

The milk from the different breeds showed a significant 
difference (P < 0.01) in levels of cholesterol during the 
winter. In contrast to this, the summer milk shows no sig- 
nificant breed differences. This is due to the fact that the 
day-to-day variation was barely significant in the summer, 
while the differences in the cholesterol levels for the milk 
from cows within the same breed were so great that the 


TABLE 4 

Statislicnl evaluation of results 1 


SOURCE OF VARIATION 


WTNTE11 


SUMMER 

F test 

Sigmficn n co 

F test 

Significance 

Variation between days 

0.59 

No significance 

2.58 

-x- 

Variation between cows 

2.84 

K 

6.62 

•X -X 

Variation between breeds 

16.23 

X X 

1.26 

No significance 


1 The significance of the F test is given according to the following notation: 
* = between the 5 and 1 % level of significance, ** = beyond the 1 % level of 
significance. 


breed differences were completely overshadowed. This is 
perhaps more understandable when it is realized that the 
mean cholesterol levels for the winter milk from the various 
breeds ranged from 8.7 to 13.4 mg per 100 ml, whereas in 
summer the means ranged only from 10.5 to 12.5 mg (table 
3). In the latter period, the deviation for any mean was 
usually greater than the difference between the respective 
means. For this reason, the breed differences in the summer 
were insignificant. 

The seasonal variation in the cholesterol content of milk 
was not the same for the different breeds. For the Holstein 
milk, the difference in the cholesterol level for the two sea- 
sons was barely significant as shown by an F test of 25 
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(table 4). Tlie difference for the Jersey milk was also only 
slightly significant. A similar analysis for the Guernsey 
milk was not made since one of these cows was sold in the 
middle of the experiment. The biological significance of these 
differences is open to question, since the milk from the Hol- 
steins showed a lower mean value in winter than in summer 
and the Jersey milk exhibited just the reverse. These differ- 
ences for the two breeds were of the same order of magnitude, 
since the mean cholesterol levels for all cows regardless of 
breed were the same for both seasons. 

There was a considerable degree of correlation between 
the butterfat and the cholesterol contents. The correlation 
coefficient for this relationship in the milk from all cows 
throughout the entire experiment was 0.64, which was highly 
significant far beyond the 1% level. For the winter milk, 
the correlation coefficient was 0.76, which was also highly 
significant far beyond the 1% level. The correlation coeffic- 
ient for the summer milk was 0.45, which was significant at 
the 1% level. These values were obtained when the figures 
followed by a question mark in table 2 were included in the 
calculations. The butterfat values below 2% are questioned, 
since the accuracy of the Babcock method at such levels is 
not as great as at the higher levels. For this reason these 
values were omitted in a recalculation, but this did not alter 
the correlation coefficients. 

DISCUSSION 

The reports in the literature have indicated considerable 
disagreement as to the presence of any esterified cholesterol 
in milk. The values for the esterified cholesterol range all 
the way from 100% (Wacker and Beck, ’21) through progres- 
sively decreasing amounts (Denis and Minot, ’18; Shope and 
Gowen, ’28; Fox and Gardner, ’24) to zero, in which case 
nothing but free cholesterol was present in the milk (Ans- 
baclier and Supplee, ’34; Dam, ’34b; Mtihlbock, ’34). The 
latter work agrees with our results (table 2). As Ansbaelier' 
and Supplee (’34) have suggested, the earlier results in- 



502 


NATAE, MICHELSEN, KEYS AND PETERSEN 


dicating the presence of ester cholesterol in milk are proba- 
bly attributable to the analytical methods used. 

All of the reports are in agreement that the total cho- 
lesterol in cows’ milk ranges from about 9 to a maximum 
of 17 mg per 100 ml (table 5). This agreement occurs in 
spite of the fact that some of these workers maintained that 
there were large amounts of ester cholesterol in milk. For 
instance, Wacker and Beck (’21), who claimed that all of 
the cholesterol in milk was present in the ester form, found 

TABLE 5 

Cholesterol content of cows’ milk as reported in the literature 


authors 


Denis and Minot ( 7 18) 
Wacker and Beck (*21) 


Nakanishi 1 ( ’31 ) 

Cocchcri. 1 ( '32) 

Bam ( >34) 

Muhlbock ( >34) 

Torrisi ( ’40) 


Nataf-Mickolscn- 
Koys -Peterson ( ’48) 


METHODS USED 


Colorimetric (Bloor) 
Bigitonin precipitation 
(Windaus) 

Bigitonin precipitation 

Bigitonin precipitation 
Liebermann. Bur char d 
Schoenheimer and Sperry 
Holstein 
Jersey 
Guernsey 


FAT 

CHOLIOSTIOKOL 

% 

mg/ 100 ml 

3. 2-5.0 

10-3 7.6 

3.65 

12.58 

3.85 

32.67 


12-15 

3.65 

13.36 

3.45 

12.50 

1.80 

9.18 


30-12 

’34) 


2.87 

9.0 

4.70 

32.9 

3.98 

31.5 


1 It was impossible to determine the methods used by Nakanishi and Cocclieri. 


a value of 12.6 mg total cholesterol, which is within the 
range reported by others. Since the ester cholesterol is 
usually determined as the difference between the free and 
the total, it would appear as though the earlier methods for 
measuring free cholesterol gave values that were too low. 

There is some disagreement among the various workers 
in this field over the question of the relation between the 
percentage of fat and the cholesterol content of cows’ milk. 
Denis and Minot (’18), who were the first to consider this 
question, claimed that the cholesterol showed a “direct and 
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proportional variation” with the bntterfat. This was based 
on a visual inspection of their data. The product-moment 
correlation coefficient for their values, however, is 0.19, 
which is insignificant. So in spite of their contentions to 
the contrary, their data show no relation between the but- 
terfat and the cholesterol levels of milk. Fox and Gardner 
(’24), from a study of a small number of samples from a 
few cows, indicated that in certain cows “the cholesterol 
appears to follow approximately the output of fat.” When 
they considered the over-all results of their small series, they 
decided there was no “exact ratio” between the butter- 
fat and cholesterol content of milk. They quoted the results 
of Wacker and Beck ( ’21) to confirm their findings. More 
recently, Ansbacher and Supplee (’34) have claimed that 
“the cholesterol content of whole milk is quite variable and 
not dependent upon the fat content,” but they gave exact data 
for only one sample of whole milk. 

The results of the previous work are at variance with 
our own, in which a high correlation between the butterfat 
and the cholesterol content was found. It is possible that 
the earlier workers used too few samples to see the true 
relation between these two variables. For instance, the larg- 
est number of such samples used in earlier analyses was in 
the study of Denis and Minot (’18), in which 15 separate 
values for cholesterol and butterfat were reported. An- 
other factor that may aid in explaining our finding of a 
high degree of dependence between these two values is the 
spread in the butterfat levels in the milk from the present 
cows. The lowest butterfat value in this series was slightly 
below 2%, while the highest was 6.2. This is twice the range 
found in Denis and Minot’s study (’18). 

None of the previous series has been extensive enough to 
permit an evaluation of the influence of season upon the 
cholesterol content of milk. Although -we found a slight 
difference between the levels of cholesterol in summer and 
winter milk, this was not the same for the Holstein and Jer- 
sey cows. If this seasonal variation is of biological signif- 
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icance, it is doubtful whether it can be explained on the basis 
of dietary changes. The only significant difference in the 
rations of the two seasons was the addition of fresli pasture 
grass to a reduced winter ration during the summer. None 
of the materials fed to the cows in this experiment contained 
any cholesterol, since only plant products were used. Cho- 
lesterol is found in animal products (Okey, ’45) ; plants con- 
tain other related sterols and at present it is questionable 
whether these are absorbed by mammals (Schoenheimer, 
’32). Dam (’34a) has shown that even when cholesterol in 
fairly large amounts was fed to a goat for three days, there 


TABLE 6 

Relation between the cholesterol content of blood and the cholesterol content of 
'inilTc. (The blood and milk samples were secured May 31 st) 


cow 


SERUM CHOLESTEROL 

MILK CHOLESTEROL 

Free 

Total 

Total 



mg/ 100 ml 

mgflOO ml 

Holstein 

838 

24.1 

183.1 

7.0 

Holstein 

474 

12.7 

91.9 

8.2 

Holstein 

480 

19.4 

152.5 

31.1 

Jersey- 

297 

24.1 

140.6 

11.5 

Guernsey 

658 

17.8 

136.2 

11.8 

Guernsey 

672 

29.3 

151.5 

12.8 

Jersey 

275 

19.8 

134.4 

13.3 

Jersey 

293 

19.8 

121.3 

35.6 

Guernsey 

639 

20.2 

86.9 

16.0 


was no augmentation in the cholesterol content of the ani- 
mal ’s milk. 

Until now, there lias been no systematic study of the cho- 
lesterol content of milk from different breeds. The present 
work indicates a significant breed difference in winter which 
is not apparent in summer. The explanation for this varia- 
tion has been considered above. 

The day-to-day variation in the bntterfat. content of milk 
has been studied by the earlier workers in this field. Some 
of the results (Eekles, ’12, ’20) were more extensive than 
the present ones and indicated a fairly high daily varia- 
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tion in this factor. There are no sneh previous studies on 
the variation in the cholesterol content of the milk. Our 
findings indicate that the day-to-day variation of the milk 
cholesterol is greater in summer than in winter. It is im- 
possible to suggest any explanation for this difference. 

In the early part of this study an attempt was made to 
see whether there was any relation between the cholesterol 
level in the blood and that in the milk from the same cows. 
The results of analyses of the milk and the jugular vein 
blood secured from the same cows on the same day are 
given in table 6. From these data it can be seen that there 
is no relation between the cholesterol content of the milk 
and of the serum. If Saarinen ’s ( ’44) work on the serum cho- 
lesterol as a precursor of butterfat is substantiated, it must 
involve a more complicated series of reactions than simple 
hydrolysis of the cholesterol esters and the transfer of 
either one or both of these components through the alveoli 
epithelium. The present results also show that the total 
cholesterol in the serum is not related to breed, and that 
the free cholesterol ranges from 12.7 to 23.2% of the total 
which is approximately the same, or at most only a slightly 
lower percentage than that in human beings (Sperry, ’36). 
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Basal energy metabolism of native white people living in 
this country has been shown by a number of investigators 
(Tilt and Walters, ’35, in Florida; Eaton, ’39, in New Or- 
leans; and others) to be lower in subtropical climates than 
in temperate climates. 

The state of Arizona, where the present study was made, has 
wide variations in its geography and climate. Fully two- 
thirds of the northern half consists of plains at high alti- 
tudes and mountainous areas. Much of this area is more 
than 4000 feet above sea level where the winters are cold and 
summers cool. Southern Arizona, on the contrary, presents a 
sharply different picture, especially in the south central 
and southwest. This area, covered by the valleys of the Salt, 
Gila, and Colorado rivers, is located in the area of the United 
States which has the most sunshine and the least relative 
humidity (Yearbook of Agriculture, ’41). 

Few studies of basal metabolism on girls who live in sub- 
tropical climates have been reported in the literature and 
there are none from the state of Arizona. Selection of sub- 
jects, therefore, was confined to girls living in southern Ari- 
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zona, where the work was being done. The age range selected 
includes the years from 14 to 23, inclusive. 

EXPERIMENTAL 

Subjects 

Basal metabolisms have been determined on 218 subjects 
on the basis of 887 individual tests which were made at in- 
tervals during the years 1940 to 1947 in the winter months 
between October and April. All subjects were white and, 
with few exceptions, were born and reared in southern Ari- 
zona or arrived there in early infancy. The exceptions had 
lived in other states with similar climates for 5 years or less, 
several years previously. They were taken at random from 
volunteers in the junior and senior high schools and the State 
University of Arizona. 

Before being accepted as subjects they were questioned 
as to the possibility of their having had thyroid therapy, since 
we have observed that thyroid extract is administered fre- 
quently in this part of the country. Tests were made during 
the menstrual cycle, provided the subject was rested and 
relaxed. 

Procedure 

Using the indirect method of calorimetry, two 8- to 10- 
minute tests were made on each of two or more mornings, 
following each other as closely as possible. No preliminary 
tests were made. Subjects returned for further testing until 
oxygen consumption in cubic centimeters per minute from 
either of the tests on a given day agreed within 5% with the 
consumption on another day. Surface area was calculated 
from the height- weight formula of DuBois as cited by Car- 
penter (’39). Calories per m 2 per hour were calculated by 
each of 4 methods commonly used in evaluation of basal metab- 
olism. These are: (1) average of results of all tests within 
5% of 1 accepted as a base line on at least two mornings, (2) 
average of all accepted tests, (3) accepted first tests only, 
(4) average of accepted tests on the first morning only. 
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RESULTS 

Physical data 

Physical data expressed as yearly means are shown in table 
1. Some cases deviated in weight more than minus 10 and 
pins 15% from the Wood standards as cited by MacLeod and 
Taylor (’44). Several of these cases, when measured by the 
Pryor standards (’40) which take into consideration skeletal 
structure, fell within a normal range. Only a few appeared to 
be overweight, although several were quite slender. The range 
of oral temperatures was 96.3° to 98.6°F. There was a wide 
range of recumbent pulses per minute : 44 to 85. 

TABLE 1 


Physical data of subjects 


CASES 

AGE 

YEARLY 

MEAN 

WEIGHT 

HEIGHT 

SURFACE 

AREA 

PULSE 

PER MIN. TEMP. 
AVE. 

VITAL 

capacity 

DEV. 

calories 

PER 

M 2 

PER HR. 



kff 

cm 

m~ 


°F. 

% 


23 

14.48 

52.6 

162.6 

1.55 

65 

97.9 

7.9 

36.22 

23 

15.45 

54.2 

165.4 

1.59 

66 

98.3 

9.0 

34.37 

24 

16.53 

55.3 

165.9 

1.62 

64 

98.1 

8.3 

33.12 

25 

17.51 

56.6 

166.4 

1.63 

66 

97.9 

5.5 

32.12 

36 

18.53 

55.6 

164.6 

1.60 

62 

97.8 

9.4 

31.21 

21 

19.33 

56.4 

166.8 

1.62 

64 

97.7 

10.2 

31.12 

24 

20.52 

57.2 

167.1 

1.64 

62 

97.8 

9.5 

31.14 

21 

21.39 

60.3 

166.5 

1.67 

62 

97.7 

11.2 

31.30 

12 

22.31 

57.0 

167.6 

1.64 

62 

97.3 

9.2 

30.84 

9 

23.48 

60.9 

166.1 

1.68 

59 

97.7 

11.5 

30.79 


The respective coefficients of variation of vital capacity 
for each year are large : 12.2, 12.7, 11.5, 12.3, 13.9, 13.0, 13.4, 
16.7, 17.8, and 18.7%. Vital capacity was referred to 3 com- 
monly used standards: (1) Dreyer (’19), based on weight; 
(2) West (’20) referred to surface area, (3) West (’20) 
based on height. Although differences are small in some years, 
for each year except the 23rd West’s standard referred to sur- 
face area, without regard to plus or minus sign, predicted 
the actual vital capacity more closely than his standard re- 
ferred to height. This standard also predicted more closely 
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than Dreyer’s standard referred to weight for each year 
except the 15th and 20th. Mean deviations from West’s 
standard based on surface area, without regard to alge- 
braic sign, are therefore included in table 1. 

Statistical treatment of data 

Calories in table 1 are based upon the first method of 
evaluating data. By this method only 14% (31 cases) of the 
total returned on a third morning, and 2% (4 cases) on a 
4th. In only 10% (21 cases) were both tests on first mornings 
omitted. But 50% (109 cases) of first tests on the first morn- 
ing could not be included because 80 were more than 5% 
above any other test, 9 below, and the spirograms of the other 
20 too irregular to use. 

Smoothed means of the first 5 years for each of the 4 
methods of evaluating data from individual tests were ob- 
tained by reduction of data to linear form (Yule and Kendall, 
’45). Logarithms of calories minus a constant for each year 
were plotted, and straight lines fitted by means of the equa- 
tion log (y-c) = log a-x (log b). Y represents calories per 
square meter per hour; c, a constant; x, age in years; log a, 
the (y-c) intercept at 0 years ; and log b the numerical value 
of the slope or yearly drop in calories. The constant used 
in the first method was 29.5, and in each of the other methods. 
30. 

Table 2 shows the smoothed means by each of the 4 methods 
for the years 14 to 18, inclusive, and true means for the years 
19 to 23. When the data of the first 5 years were reduced 
to linear form, the best straight line fit was obtained by the 
second method ; the next by the first. As was to be expected, 
the lowest yearly means were obtained by the first method. 
A sharp drop in calories was shown by all methods, the 
means in the first changing from 36.40 to 31.21 during the 
5 years. 

The coefficients of correlation with age of the weighted 
smoothed means are highly significant by each of the first two 
methods : i.e., —0.995 ± 0.0011 and —0.997 ± 0.0010, respec- 



TABLE 2 


Means in calorics per m 2 per hour and variability "by 4 methods of evaluating data 


AGE, YKS. 

CASES 

CAL. 

a 1 

C.V.2 

CASES 

CAL, 

cr 1 

C.V. 2 



Five % check 



All tests averaged 


14.00-14.99 
14.48 (M) 

23 

36.40 

3.32 

9.12 

23 

36.78 

3.34 

9.07 

15.00-15.99 

15.45 

23 

34.37 

2.64 

7.67 

23 

34.71 

2.45 

7.04 

16.00-16.99 

16.53 

24 

32.94 

2.15 

6.52 

24 

33.27 

1.95 

5.85 

17.00-17.99 

17.51 

25 

31.92 

3.24 

10.14 

25 

32.27 

2.50 

7.76 

18.00-18.99 

18.53 

36 

31.21 

2.08 

6.68 

36 

31.58 

2.06 

6.51 

19.00-19.99 
19.33 (M) 

21 

31.12 

2.45 

7.87 

21 

31.40 

2.56 

8.15 

20.00-20.99 

20.52 

24 

31.14 

2.99 

9.60 

24 

31.67 

2.95 

9.31 

21.00-21.99 

21.39 

21 

31.30 

2.26 

7.22 

21 

31.67 

2.38 

7.52 

22.00-22.99 

22.31 

12 

30.84 

2.37 

7.68 

12 

31.29 

2.60 

8.31 

23.00-23.99 

23.48 

9 

30.79 

1st 

1.32 

test 

4.29 

9 

31.62 1.18 

1st morning 

3.73 

14.00-14.99 
14.48 (M) 

22 

38.40 

4.03 

10.48 

22 

36.56 

2.86 

7.81 

15.00-15.99 

15.45 

21 

36.16 

3.06 

8.45 

22 

34.70 

2.80 

8.07 

16.00-16.99 

16.53 

24 

34.52 

2.55 

7.39 

24 

33.37 

2.35 

7.05 

17.00-17.99 

17.51 

21 

33.31 

3.78 

11.36 

24 

32.41 

3.15 

9.72 

18.00-18.99 

18.53 

34 

32.43 

2.38 

7.34 

36 

31.73 

2.02 

6.36 

19.00-19.99 

19.33M 

17 

31.00 

2.31 

7.45 

21 

31.51 

2.35 

7.46 

20.00-20.99 

20.52 

18 

32.58 

3.23 

9.91 

24 

32.45 

3.23 

9.95 

21.00-21.99 

21.39 

17 

32.56 

2.74 

8.42 

21 

31.78 

2.32 

7.30 

22.00-22.99 

22.31 

12 

31.79 

3.31 

10.41 

12 

31.52 

2.91 

9.23 

23.00-23.99 

23.48 

8 

31.30 

3.44 

10.99 

9 

32.33 

1.82 

5.63 


1 Standard deviation. 

2 Coefficient of variation. 
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tively. By the third and 4th methods they are just barely 
significant, i.e., — 0.929 ± 0.0080 and — 0.953 ± 0.0542, re- 
spectively. 

No real differences are found in the yearly means from 19 
to 23 by either of the first two methods. However, by the 
thir d and 4th methods approximately half of the differences 
show a better than even chance that they are real. When the 
averages of these yearly means by each of the first two methods 
are compared with the means of the 18th year in each case, no 
real differences are found. Lumped means of 31.1 and 33.5 
calories, respectively, have been taken, therefore, for the 18th 
to the 23rd year for each of the two methods. 

DISCUSSION 

Of the 218 subjects, only 31 had to return a third time to 
obtain the 5 °fo agreement and 4 a 4th time. If the data of 
the first 5 years by the second method had been based upon 
the average of only the first two mornings for all subjects, 
instead of including more than two mornings as was done 
for 17 of the subjects, the smoothed means would have been 
increased a small amount for each year; the differences, being 
less than % calorie in each case, are not statistically signifi- 
cant. The coefficient of correlation with age would remain 
unchanged; i.e., highly significant. Individual basal metab- 
olisms would, however, have been significantly altered in some 
cases, 6 of the 17 cases which were recalculated for this pur- 
pose changing to levels which showed large differences. 

When the smoothed means for each of the first 5 years, as 
obtained by the 2nd, 3rd, and 4th methods, are compared with 
those of the first, which is the lowest in each case, only the 
third shows a real difference for each of the 5 years, the 
results by the third method being higher in each case. The 
second showed no statistically significant difference for any 
of the years and the 4th none for the first 4 years, only the 18th 
year showing a better than even chance that the difference 
is real. Variability around the means is less by the second 
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method, as is demonstrated by the coefficients of variation 
for each year. 

It would seem from the above that, for results obtained by 
the method of age-selected averages used here, the first two 
methods of evaluating individual tests would be most suitable 
in establishing basal metabolism standards. These data, 
at the time of writing, are being further analyzed on the basis 
of physical developmental levels and basal calories per day 
irrespective of age classification and independent of the 
method of averages (Wetzel, ’44). 

Comparison with other studies 

Although methods used in determining basal metabolism 
are not the same in all studies, nevertheless some comparisons 
seem to be justified. As may be observed in figure 1, the basal 
metabolism of the younger subjects in the present study is 
fairly close to that of some of the studies reported from higher 
latitudes, but beginning at about the middle of the 15th year 



Fig. 1 True yearly means of the present study, as calculated by the first 
method of evaluating data, compared with other studies. 
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it rapidly approaches a much lower level. This is clearly 
demonstrated when comparison is made with the study of 
Shock (’42), whose subjects lived in Oakland, California. 
Naldandov, Heller, Krause and Purdy (’38), working in Ok- 
lahoma, reported that their younger girls had a rate of 
metabolism as high as those of the same age in the north, 
but that as they grew older Oklahoma girls showed a much 
sharper drop than northern girls. 

Basal metabolism as reported from Florida by Tilt and 
Walters (’35) for girls 19 years of age and older is strikingly 
similar to that of southern Arizona for subjects of the 
same age, calories per square meter per hour of the former 
being 30.5, 31.4, 32.1, and 32.6 for the years 19, 20, 21, and 23, 
respectively. The study in the north which reported the larg- 
est number of cases is that of Boothby, Berkson and Dunn 
(’36). Using standards known as the Mayo Foundation 
standards which are based on first tests only, they predict 
36.74 calories per m 2 per hour for the 19th year of age and 
36.18 calories for the years 20 to 24, inclusive. In the present 
study, means by the method of first tests only are 31.00 
calories for the 19th year of age and 32.06 calories for the age 
range of 20 to 23 years, inclusive. 

Effect of environmental temperature 

Five cooperating state universities have reported a study 
of the basal metabolism of a large number of college girls 
(Pittman et al., ’43). In table 3 of the present study we have 
shown these states in the order of increasing mean annual 
temperatures (Yearbook of Agriculture, ’41), together with 
the mean basal metabolisms as reported in each case for the 
38-year-old groups. 

Although temperature is only one factor to be considered 
in a study of the effect of climate, it is of interest to note 
that these states, with the exception of Oklahoma which has 
a limited number of cases, show a definite trend toward a 
diminishing basal level with increasing temperature. 
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The attainment of this low adnlt value beginning at the 18th 
year would seem to indicate the appearance of the chemical 
regulation mechanism in women in warm environments which 
was demonstrated by Hardy and DuBois (’40) and Hardy, 
Milhorat and DuBois (’41). These workers, studying the 
basal metabolism of 8 adult women in a room colorimeter with 
the direct method of calorimetry and a carefully regulated 


TABLE 3 

j Basal metabolism of 18-year-old girls in midwestern states and in the present study 


STATE 

CASES 

MEAN ANNUAL 
TEMPERATURE 
(1934-38 INO.) 

CALORIES PER 

M a PER HOUR 

Minnesota 

34 

41.6 

35.7 

Iowa 

31 

49.5 

35.1 

Ohio 

40 

52.0 

33.8 

Kansas 

58 

56.6 

33.6 

Oklahoma 

19 

61.7 

34.0 

Arizona, southern 

36 

67.2 

31.2 


temperature index (controlled barometric pressure, humidity, 
air movement, and environmental temperature), demon- 
strated the existence of a zone of minimal metabolism be- 
tween 27°C. and 32°C. (81°F. and 90°F.). They reported a low 
mean of 30.9 calories per m 2 per hour in this 5-degree tem- 
perature range after an adaptation period of from two to three 
hours. 


Effect of altitude 

Although Tucson has an elevation of 2400 feet above sea 
level, it would seem improbable, from the results of the present 
study and a review of the literature, that altitude influences 
the basal metabolism provided one can discuss it properly 
separated from other factors contributing to the climatic ef- 
fect. The studies of Lewis, Duval and Iliff (’43) support 
this observation. As shown in figure 1, Shock, working at the 
low altitude of Oakland, California, found higher mean values 
t'ban those reported by us, and higher also than Lewis’ 14- 
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and 15-year-old group studied at a much higher altitude in 
Denver, Colorado. 


SUMMARY 

1. Basal metabolism determinations have been made on 
218 girls and young women of southern Arizona from 14 to 
23 years of age, inclusive. 

2. Calories per m 2 per hour were calculated by 4 methods 
of evaluating individual tests: (1) average of results of all 
tests within 5% of one accepted as a base line on at least two 
mornings, (2) average of all tests, (3) first tests only, (4) 
average of tests on first mornings only. 

3. Smoothed yearly means in calories dropped sharply by 
all methods, by the first method from 36.40 to 31.21 for the 
years from 14 to 18, inclusive. Correlation with age was found 
to be highly significant statistically by the first two methods 
and less significant by the other two. When reducing the 
true yearly means to linear form, it was found that of the 4 
methods of evaluating individual tests the best straight line 
fit was obtained by means of the second method and the next 
by the first. When the respective yearly means obtained by 
each of these two methods were compared, no statistically 
significant differences were found although those by the first 
were lower in each case. Variability around the means was 
less by the second method. 

4. Lumped means of 31.1 and 31.5 calories were taken 
for the first two methods, respectively, for the years 18 to 23, 
inclusive. This low energy level would seem to indicate the 
appearance in women at this time of the zone of minimal 
metabolism demonstrated by Hardy, Milhorat and DuBois 
(’41). 

5. When the 18-year-old group was compared with similar 
groups of the same age reported from 5 midwestern states, a 
diminishing metabolism was observed with increasing mean 
annual temperature. 

6. The present study was made at an altitude of 2400 feet. 
If altitude per se tends to increase basal metabolism, as some 
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investigators have claimed, then the present low level of 
metabolism should not have been observed. Therefore our 
data do not support this view. 
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MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWARD 

Nominations are solicited for the 1949 Award of $1000, 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will he chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute in the 
spring of 1949. 

The Award will be given to the laboratory (non-clinical) 
or clinical research worker in the United States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year, January 1 to December 31, the most 
meritorious scientific report dealing with the field of the 
‘B-complex’ vitamins. While the award will be given primarily 
for publication of specific papers, the judges are given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the award be made to a worker for valuable 
contributions over an extended period but not necessarily 
representative of a given year. Membership in the American 
Institute of Nutrition is not a requisite of eligibility for the 
award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1948 must be in the 
hands of the Chairman of the Nominating Committee by 
January 15, 1949. The nominations should be accompanied by 
such data relative to the nominee and his research as will 
facilitate the task of the Committee of Judges in its con- 
sideration of the nomination. 

Harold H. Williams 

Cornell University , Ithaca , N, F. 


Chairman, Nominating Committee 
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BORDEN AWARD IN NUTRITION 


Nominations are solicited for the 1949 Award of $1000, and 
a gold medal made available by the Borden Company Founda- 
tion, Inc. The American Institute of Nutrition will make this 
award in recognition of distinctive research by investigators 
in the United States and Canada which has emphasized the 
nutritive significance of the components of milk or of dairy 
products. The award will be made primarily for the publica- 
tion of specific papers, but the judges may recommend that it 
be given for important contributions over an extended period 
of time. The award may be divided between two or more 
investigators. Employees of the Borden Company are not 
eligible for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute in the spring of 1949. To be considered for 
the award, nominations must be in the hands of the Chairman 
of the Nominating Committee by January 15, 1949. The 
nominations should be accompanied by such data relative to 
the nominee and his research as will facilitate consideration 
for the award. 


James M. Orten 
College of Medicine, 
Wayne University, 
Detroit , Michigan 


Chairman, Nominating Committee 
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OSBORNE AND MENDEL AWARD 


Nominations are invited for the Osborne and Mendel Award 
of $1000, established by tbe Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a 
Jury of Award, has made the most significant published con- 
tribution in the year preceding the annual meeting of the 
Institute, or who has published a series of contemporary 
papers of outstanding significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may 
be divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of 
time, are not excluded from consideration. Membership in the 
Institute of Nutrition is not a requirement for eligibility and 
there is no limitation as to age. 

Nominations may be made by anyone. Nominations for the 
1949 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating Committee before January 15, 1949. 

D. W. Woolley 

Rockefeller Institute for 

Medical Research , New York, N, Y. 

Chairman, Nominating Committee 
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EFFECTS OF AUTOXIDATION ON ANTIACEODYNIC 
POTENCY OF FATS AND LINOLEIC ESTEES 1 

PEED A. KUMMEROW, TA-KUNGr CHU AND PATRICIA RANDOLPH 
Kansas Agricultural Experiment Station Manhattan 

TWO FIGURES 

(Received for publication May 29, 19481 


Studies on the nutritive value of rancid fats have been 
carried out under two types of dietary regimes. One, by Burr 
and Barnes (’43), involved the ability of a raneidified high 
fat diet to sustain growth. The other, by Quackenbush (’45), 
involved the ability of small amounts of raneidified fatty acids 
to cure aerodynia. In the latter case, peroxide values were 
used as an indicator of the state of oxidation. However, 
Farmer (’46) has pointed out that peroxides disappear as 
oxidation and polymerization proceed. High peroxide values 
therefore do not necessarily reflect the most advanced stages 
of oxidation. 

In a recent review Quackenbush ( ’45) stated that the liter- 
ature contained a number of reports of malnutrition resulting 
from rancid dietary fat. In some instances the malnutrition 
has been traced to the destruction of dietary essentials such 
as the fat-soluble vitamins (Quackenbush, Cox and Steen- 
bock, ’42) and water-soluble vitamins (Paveek and Shull, ’42). 

1 This research was undertaken in cooperation with the Committee on Pood 
Research of the Quartermaster Pood and Container Institute for the Armed 
Forces. The opinions or conclusions contained in this report are those of the 
authors. They are not to be construed as necessarily reflecting the views or en- 
dorsement of the War Department. 

2 Contribution No. 363 from the Department of Chemistry, Kansas State 
College, Manhattan. 
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However, Quackenbush (’45) lias stated that until experi- 
mental evidence provides the full explanation it must be as- 
sumed that rancid fats are able to exert a direct toxic effect. 
As increasing quantities of beef, pork, and poultry are being 
kept in cold storage, it might be desirable to know whether 
the rancid fats which are formed during this storage period 
(Schrieber et al., ’47; Wagoner et al., ’47) lose nutritional 
value. 

In the present study, the ability of small quantities of oxi- 
dized fats and fatty acids to cure acrodynia was used as a 
means of testing their nutritive value. As pyridoxine and 
pantothenic acid (Birch, ’38; Quackenbush, Steenbock, Kum- 
merow and Platz, ’42), and tocopherol (Hove and Harris, ’46) 
have been found to be functional in fat deficiency, these diet- 
ary factors were fed to some of the rats in the various groups. 
Furthermore, the effects of these factors and the effects of 
oxidized fats on the characteristics of the mixed fatty acids 
deposited in the tissues were determined by means of spectro- 
photometric analysis. 

MATERIALS AND METHODS 

Preparation of materials 

The ethyl and methyl linoleate were prepared from corn 
oil 3 via the tetrabromide according to the method of Rollet 
(’09), distilled under high vacuum and kept under an atmos- 
phere of nitrogen at — 13°0. The various esters listed in table 
1 were prepared as follows: The rancidified methyl linoleate 
of high peroxide value was prepared by bubbling tank oxygen 
through 10 gm of the freshly distilled ester at 80°C. for three 
hours. The drastically oxidized ethyl ester was prepared by 
bubbling tank oxygen through the free acid for 20 instead of 
3 hours. This acid was then esterified in absolute ethyl al- 
cohol. This resulting material was extracted with Skelly- 
solve F, washed with water, dried over sodium sulphate and 

3 Furnished through the courtesy of Dr. E. A. Baldwin, Corn Products Refining 
Co., Argo, Illinois. 
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freed from solvent ; on standing, tlie product gradually became 
viscous in character. 

The alkali-conjugated ethyl linoleate was prepared from 
freshly-distilled ethyl linoleate. The ester was isomerized 
with potassium hydroxide in ethylene glycol at 180° 0. for 
30 minutes (Mitchell, Kraybill and Zscheile, ’43), poured over 
chipped ice and acidified with concentrated hydrochloric acid. 
The resulting mixture of conjugate isomers was then con- 
verted to the ethyl esters. The 10, 12 ethyl linoleate was 
prepared from dehydrated castor oil 4 by the method of Von 
Mikusch (’42). The 10, 12 acid was isolated from the mixed 


TABLE 1 

Characteristics of supplements 


supplement 

AMOUNT 

FED DAILY 

IODINE 

VALUE 

PEROXIDE 

VALUE 

SPECIFIC 
ABSORPTION 
COEFFICIENT 
AT 2340 A 

Fresh ethyl linoleate 

‘mg 

25 

167 

9 

0.3 

Rancid methyl linoleate 

25 

109 

629 

0.6 

Drast. oxid. ethyl linoleate 

25 

49 

76 

2.3 

Conjugated ethyl linoleate 

25 

145 

5 

84.6 

10, 12 ethyl linoleate 

25 

115 

37 

105.0 

Rancid turkey fat 

110 

79 

63 

1.4 

Fresh turkey fat 

110 

78 

5 

0.3 


fatty acids by repeated fractional crystallization from Skelly- 
solve F, ethyl alcohol and diethyl ether. The resulting prod- 
uct, which had a melting point of 55-56 °C., was then converted 
to the ethyl ester. The rancid turkey fat was extracted from 
the skin of turkeys which had been kept in cold storage for 
two years; the fresh fat was extracted from the skin of 
freshly-killed birds. The skin was extracted with Skelly- 
solve F, and the extract washed with water, dried over so- 
dium sulphate and freed from solvent. The birds had been 
broad-breasted bronze turkeys of the same strain and had 
been kept on a standard turkey ration (Kummerow et al., 

‘Furnished through the courtesy of O. Eisenschiml, Scientific Oil Compound- 
ing Co., Chicago. 
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’48). In each case the skin fats contained approximately the 
same percentage of mixed fatty acids, i. e. 20% linoleic, 50% 
oleic, 30% saturated, 0.1-0.5% arachidonic and no linolenic 
acid. 

The various preparations were kept at — 13°C. under nitro- 
gen except during use. They were fed to the rats by means 
of a calibrated medicine dropper. 

Preparation of animals 

The diet and preparation of the animals were similar to 
those described by Quackenbush et al. (’39). 

The diet was prepared as follows : 200 mg thiamine hydro- 
chloride and 400 mg of riboflavin were dissolved in N/50 
acetic acid, mixed with 18 pounds of casein 5 , dried and then 
mixed with 78 pounds of glucose (cerelose) and 4 pounds of 
Wesson salts in a standard feed mixer. The animals 6 were 
supplemented once a week with one drop of fish liver oil 7 
containing 250 1.U. of vitamin A 8 and 100 I.U. of vitamin D 9 
per drop. 

On this diet animals with an initial weight of 40-50 gm 
developed an acute acrodynia in 7-8 weeks. The severity of 
the acrodynia was recorded as a dermal index (Quackenbush 
et al., ’39). This index was a numerical expression of the 
stage of development of lesions in the lips, eyelids, forepaws, 
liindpaws, ears and tail, and increased with the severity of 
the acrodynia. 

Thirteen groups of three rats each were fed the supple- 
ments listed in table 2 for a three-week period. The rats 
were then killed, and each group saponified with 30% aqueous 

* Vitamin test casein, purchased from General Bioehemicals, Inc., Chagrin Falls, 
Ohio. 

0 Three weeks of age, obtained from Sprague-Dawley and Co., Madison, Wis- 
consin. 

7 Residue oil obtained on molecular distillation. 

8 Concentrate, obtained through the courtesy of Dr. Hickman, Distillation Prod- 
ucts, Inc., Rochester. 

0 Crystalline, obtained from Dr. J. Waddell, E. I. du Pont de Nemours and Co., 
New Brunswick. 
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alkali as described by Quackenbush and Steenbock (’42), 
The hydrolysate was freed of 11011 -saponifiable material by 
extraction with Skelly-solve F and acidified with diluted 
hydrochloric acid (1:1). The crude fatty acids were extracted 
with Skelly-solve F, washed thoroughly with water, dried 
over sodium sulphate, freed from solvent and weighed. Io- 


Fig. 1 Control 1A6293; rancid methyl linoloate 1A6195-7; 10, 12 ethyl lino- 
leate 1A6195-8 and rancid methyl linoleate plus pyridoxine and calcium x>anto- 
thenate 1A6195-0. 

dine values were determined according to the method of Ya- 
suda ( ’31) and the composition of the mixed fatty acids by the 
spectrophotometric method of Brice et al. (’45). 

EXPERIMENTAL RESULTS 

Effects on acrodynia 

The results indicated that drastically oxidized or 10, 12 
ethyl linoleate were not effective curative agents (table 2). 
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In fact, a more acute acrodynia and a greater decrease in 
body weight were noted in the animals of these groups than 
in those which had received no supplement (fig. 1). The al- 
kali-conjugated ethyl linoleate, the rancid methyl linoleate 
of high peroxide value and rancid turkey fat alleviated the 
symptoms hut were not so effective as the freshly-distilled 



Fig. 2 Fresh turkey fat 1A6195-4; rancid turkey fat 1A6195-3; rancid turkey 
fat plus pyridoxine and calcium pantothenate 1A6195-1; rancid turkey fat (right) 
and rancid turkey fat plus pyridoxine and calcium pantothenate (left) 1A6195-12. 


ester or fresh turkey fat (fig. 2). Topocopherol did not im- 
prove the effectiveness of rancid ethyl linoleate, and ethano- 
lamine aggravated the symptoms. 

When pryidoxine and calcium pantothenate were fed in 
addition to rancid methyl linoleate, the dermal symptoms 
were alleviated. However, the animals on these rations 
gained less weight than those whose diets had been supple- 
mented with only pyridoxine and calcium pantothenate (table 
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2). This growth-depressing action of rancid methyl linoleate 
was also noted by Gyorgy et al. ( ’42) . Pyridoxine and cal- 
cium pantothenate added to the curative value of rancid 
turkey fat but had little effect on the curative value of 10, 12 
ethyl linoleate. 

Effects on characteristics of extracted fatty acids 

The presence of pyridoxine and calcium pantothenate, 
rather than the presence of rancid or fresh fat, seemed to 
have the most influence on the quantity and character of the 
fat deposited (table 2). Animals fed pyridoxine and calcium 
panothenate in addition to rancid fat deposited from two to 
three times more fat than those which had received only ran- 
cid fat, or 4.5-9.0 and 2.0-2.5% respectively. Except for the 
animals which had been fed drastically oxidized ethyl lino- 
leate, the percentage of fat extracted from the animals fed 
fresh or rancid fat varied only 0.5%, or from 2.0-2.5%. The 
drastically oxidized linoleate was probably not absorbed 
readily from the intestinal tract, as these animals contained 
only 0.2% more fat than those which had received no supple- 
ment. 

The iodine values of the fats decreased from 8 to 20 points 
when pyridoxine and calcium pantothenate were fed in ad- 
dition to fat (table 2). The fat extracted from the animals 
which had received no fat supplements or drastically oxi- 
dized ethyl linoleate had the highest iodine value, or 86.8 and 
93.5 respectively. Those which had received pyridoxine and 
calcium pantothenate in addition to rancid turkey fat or 
10, 12 ethyl linoleate had the lowest iodine value, or 64.8 and 
65.6, respectively. 

Spectrophotometric analyses of the mixed fatty acids in- 
dicated that the percentages of essential fatty acids in the 
tissues were not adversely affected by the feeding of rancid 
fat (table 3). The animals which had been fed only rancid 
turkey fat contained the highest, and those which had re- 
ceived no supplement contained the lowest, percentages of 
linoleic acid, or 7.2 and 4.0%, respectively. 



Speetrophoto metric studies of mixed fatty acids from carcasses of rats fed various fats 
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Less than a 3.5% variation between groups was noted in 
the total linoleic and arachidonic acid content. The animals 
which had been supplemented with drastically oxidized ethyl 
linoleate contained the highest, and those supplemented with 
rancid ethyl linoleate contained the lowest, percentage of 
total essential fatty acids, or 12.2 and 8.7% respectively. 
When pyridoxine and calcium pantothenate were also fed, 
the total essential fatty acids varied from 2.3 to 3.7%. The 
total percentage was therefore only one-third as large as in 
the absence of pyridoxine and calcium pantothenate. How- 
ever, comparisons based on percentages alone might he mis- 
leading, as the animals which had received pyridoxine and 
calcium pantothenate had greatly increased in weight. There- 
fore, comparisons based on the mean weight of fatty acid per 
100 gm of tissue were made, in order to reflect differences 
between groups more accurately. 

From these data it can be seen that in every case the ani- 
mals which had received pyridoxine and calcium pantothen- 
ate synthesized substantial amounts of oleic and saturated 
fatty acids. Furthermore, the animals which had received 
rancid methyl or 10, 12 ethyl linoleate as well as pyridoxine 
and calcium pantothenate contained from 1,005 to 3,425 mg 
more oleic and 449 to 694 mg more saturated fatty acid than 
the control groups. The quantity of total essential fatty acids 
was not increased even though approximately 500 mg of lino- 
leate was fed to these animals during the assay period. It 
is possible that pyridoxine or calcium pantothenate served 
as biological antioxidants or helped to convert rancid or con- 
jugated acid to oleic and saturated fatty acid. 

DISCUSSION 

The nutritive value of rancid fats was improved when the 
diets of the experimental animals were supplemented with 
pyridoxine and calcium pantothenate. As yeast contains these 
two vitamins, its addition to the dietary regime (Burr and 
Barnes, ’43) could influence the ability of a rancidified high 
fat diet to sustain growth. Whipple (’33), for example, has 
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shown that rats fed oxidized lard resumed growth when their 
diets were supplemented with additional quantities of ether- 
extracted yeast. It is interesting to note, however, that in the 
present study it was found that 10, 12 ethyl linoleate was not 
curative in the presence of pyridoxine and calcium panto- 
thenate. Burr ( ’42) has shown that 9, 11 linoleic acid also 
lacks curative properties under these conditions. 

Farmer (’46) and others have shown that in the first stages 
of autoxidation of linoleic acid the double bonds are con- 
jugated with the simultaneous formation of hydroperoxides. 
During the later stages of autoxidation over 70% of the 
double bonds have been reported to be conjugated (Bolland 
and Koch, ’45). In agreement with Burr (’42), the present 
study indicates that fats in the first stages of autoxidation 
alleviated the symptoms, but were not so effective as fresh 
fats. Fats in the later stages of autoxidation as represented 
by 10, 12 and drastically oxidized ethyl linoleate respectively 
wore non-curative. 

The various supplements of linoleic acids seemed to have 
been metabolized or converted to oleic and saturated fatty 
acids, although less fresh than rancid or 10, 12 linoleate was 
converted. When pyridoxine and calcium pantothenate were 
fed in addition to fat supplements, the oleic and saturated 
fatty acid contents of the tissues were greatly increased. 
However, these fatty acids must have been synthesized from 
carbohydrate or protein, as increased amounts of them were 
also found in the animals which had received no fat supple- 
ment. 

It is possible that the availability of pyridoxine and panto- 
thenic acid is a limiting factor in rat acrodynia. Umbreit and 
Q-unsalus (’45) have shown that pyridoxine functions in a 
coenzyme system in amino acid metabolism. When pyridoxine 
is present in suboptimal amounts, it may not be able to func- 
tion in both the metabolism of unsaturated fatty acids and the 
building of protein. The present study indicates that in ex- 
treme eases undesirable fats seem to have a priority claim, 
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so to speak, on tlie pyridoxine already stored in the tissues, 
as the animal actually lost weight and the symptoms were 
aggravated. Whether pantothenic acid is also necessary was 
not brought out in this investigation. However, Quackenbush, 
Steenbock, Kummerow and Platz ( ’42) indicated that both 
pyridoxine and pantothenic acid are functional in rat acro- 
dynia. 

The high peroxide value and the small amount of conju- 
gated fat in the rancid turkey fat indicate that only the first 
stages of oxidation are involved during the cold storage of 
poultry. The rejection by a taste panel of cooked meat which 
contained rancid fat (Kummerow et al., ’48) may have had 
a physiological basis. However, as the stored meat probably 
contained substantial amounts of pyridoxine and pantothenic 
acid, the present data indicate that ingestion should have 
caused no harmful effects. 

SUMMARY 

The ability of small quantities of oxidized fats to cure acro- 
dynia was used as a means of testing their nutritive value. 
The results indicated that rancid methyl linoleate or the fat 
extracted from turkeys which had been subjected to cold stor- 
age for two years alleviated the symptoms but were not as 
effective as the freshly distilled ester or fresh turkey fat. 
Tocopherol did not improve the effectiveness of rancid ethyl 
linoleate and ethanolamine aggravated the symptoms. Dras- 
tically oxidized fats or 10, 12 ethyl linoleate were not effective 
curative agents. 

When pyridoxine and calcium pantothenate were fed in 
addition to rancid fat the dermal symptoms were alleviated. 
This response was not due to pyridoxine or calcium panto- 
thenate alone, but to a combination of the fat- and water-sol- 
uble factors. Spectrophotometric analysis of the carcass fats 
indicated that the various supplements of oxidized linoleic 
esters were converted to oleic and saturated fatty acids. 
Pyridoxine and calcium pantothenate seemed to be functional 
in this process. 
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Tlio toxicity of certain species of Lath ry us and related 
legumes for man and many domestic animals lias been rec- 
ognized since early in the eighteenth century (Sehuchardt, 
1886-87). Outbreaks of lathryism in man in India have been 
studied extensively by Stockman (’29, ’31, ’34a, ’34b), and 
Sliourie (’45), and in Spain by Diaz and his collaborators 
( ’41, ’42, ’43), who have investigated lathyrism in that country 
from both the clinical and experimental viewpoints. Impor- 
tant in the production of lathyrism in man are Lathyrus sati- 
vus, clymenmn, and deem. The peas, which are usually eaten 
by the poorer classes in India and Spain only when the supply 
of cereal grains is deficient, must constitute a significant 
part of the diet, one-tliird to one-half, according to Stockman, 
(’29), in order to cause the disease. Males are more suscep- 
tible than females, an incidence of 20 males to one female be- 

1 Grants in aid from the Nutrition Foundation of New York and the Faculty 
Research Fund of the Horace H. Rackham School of Graduate Studies of the 
University of Michigan have made possible this and related studies of the nutri- 
tive value of peas of the genus Lathyrus. 
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ing reported in one community by Diaz (’41). The symptoms 
(notably muscular weaknes and paralysis of the extremities) 
have suggested to many the presence of a neurotoxin which 
may cause a degeneration of the spinal cord. The patholog- 
ical study of a case of human lathyrism (L. sativus) has 
shown severe injury to the nervous system (Filimonoff, ’26). 

Marked variations in the susceptibility of domestic animals 
to Lathryus pea intoxication have been observed (Stockman, 
’29). It is usually stated that lathyrism (Lathy ms sativus 
and deer a) cannot he produced experimentally in the white 
rat (Visco, ’23, ’24a, ’24b; McCarrison, ’28; Zagami, ’31 ; 
McCarrison and Krishman, ’34; Diaz and Vivanco, ’42). Gei- 
ger, Steenbock, and Parsons (’33), however, observed lathy- 
rism in the rat after the flowering sweet pea (Lathy rus odor- 
atus) was'fed in considerable amounts. This species of Lath- 
yrus has also been associated with human lathyrism in Spain 
(Diaz, ’41). The data on the nutritive properties of Lathryus 
species are somewhat contradictory ; this may be due in part 
to local names for the various species and the resultant con- 
fusion in their identification, as pointed out by Schuchardt 
(1886-87), Diaz and Vivanco (’42), and others. 

We have studied in the rat, the nutritive values and toxic- 
ities of a number of species of Lathryus, including two which 
are commonly associated with the condition of lathryism in 
man, L. sativus and L. cicera, and also including L. odoratus. 
The results of this last study, which confirm and extend 
the observations of the Wisconsin group (Geiger, Steenbock, 
and Parsons, ’33), have been published in preliminary form. 
(Lewis and Esterer, ’43). 

In addition, with the cooperation of Mr. Roland McKee of 
the Bureau of Plant Industry of the United States Depart- 
ment of Agriculture and his associates, we have been able to 
study five other species which have been of some interest in 
various parts of the United States, chiefly because of their 
usefulness as forage crops. Many of the Lathyrus species can 
be grown under conditions which are difficult or unsatisfac- 
tory for the production of other forage crops. We wish to 
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express our sincere appreciation to Mr. McKee and his associ- 
ates for this help, which has made it possible to extend this 
study beyond the scope which was originally projected. 

EXPERIMENTAL 

Young white rats, 50 to 80 gm in weight, in litter units, 
were paired as to sex and weight. One animal of each pair 
received the experimental ( Lathy rus) diet ad libitum, while 
the food consumption of the paired litter mate fed the control 
(edible pea) diet was limited by the food intake of the mate 
fed the experimental diet. Daily records of food consumption 
were kept. 

Finely ground meal (20 mesh sieve) was prepared from 
the Lathyrus peas and, for the control diets, from the edible 
split white peas of commerce (Pisum sativum, var. arvense). 
Since it is known that many legumes supply protein of in- 
ferior biological value, 10% of casein, a protein of high bio- 
logical value, was incorporated into all the diets. The pea 
meal was added at a level of 50% to insure a high content of 
the potentially toxic legume. The protein content (N X 6.25) 
of the diets fed varied from 21.55% (edible white pea) 
to 26.9% (Lathyrus cicera), of which 10% was derived from 
the casein. With Lathyrus tingitanus, which because of its 
toxicity was fed at the 25% level, the total dietary protein 
was 19.57%. It is not believed that the differences in protein 
content of the diets representing various Lathyrus species 
(22.55-26.95%) were significant, particulary since, as will 
be noted later, best growth was obtained with those containing 
L. sativus, which were lowest in protein content of the rations 
containing Lathyrus. 

The mixed diets were constituted as follows: pea meal, 
50 % ; casein 3 , 10% ; corn starch, 27% ; sucrose, 5% ; salt mix- 
ture (modified Osborne-Mendel), 4% corn oil, 2%; and cod 
liver oil, 2%. The dry ingredients of the diet were thoroughly 
mixed and stored, and the oils added to the mixture, to make 


2 Labco, vitamin-free. 
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tlie complete diets as needed. In addition, each rat received 
200 mg of dried yeast and, in later experiments, 100 mg of 
powdered liver extract 3 , which were added to the diet to 
supply the B factors in addition to the vitamins made avail- 
able in the dried yeast. 

Sources of legumes 

1. The edible split white peas used for the control diets 
were supplied by Mr. Floyd Trail of the Washburn-Wilson 
Seed Company, Moscow, Idaho. 

2. Lathyrus odoratus. The sweet pea seed was made avail- 
able through the generosity of Mr. Raymond H. Coulter of 
the Ferry-Morse Seed Company, Detroit. 

3. Lathyrus sativus. The seed was obtained from India 
through the cooperation of Dr. B. Mukerji of the Biochemical 
Standardization Laboratory, Calcutta. The seed was sub- 
mitted to Mr. Paul Russell and Mr. Roland McKee of the 
Bureau of Plant Industry who, after examination of the seed 
and of young plants grown in greenhouse experiments, re- 
ported that the material was one of the “small seeded dark 
strains of L. sativus;” the close resemblance of this seed to 
that of certain strains of L. cicera was, however, noted. 

4. Lathyrus cicera. Two samples of seed, grown in plant- 
ings of 1942 and 1943 at College Station, Texas, were obtained 
from Mr. Karl F. Manke and Mr. P. R. Johnson. 

5. Lathyrus hirsutus. Two samples of the seed of this 
species, grown during different seasons, were obtained from 
Mr. Roland McKee, who stated that “this is the only species 
that is being grown extensively in the United States. This 
species is quite widely spread in the states of Louisiana, Miss- 
issippi, Alabama and adjacent territories” and “has been 
harvested and sold as a pasture plant.” 

6. Lathyrus tingitanus. Two samples of seed, grown in 
different seasons by the Division of Forage Crops and Dis- 
eases at Corvallis, Oregon, were obtained through Mr. H. A. 
Schoth. 

3 Lilly. 
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7 and 8. Lathyrus apliaca and Lathyrus sphaericus. Seeds 
of these species were secured through Mr. McKee. 

9. Lathyrus sylvestris Wagneri. Three samples of seed, 
two grown in different seasons at the Western Agricultural 
Experiment Station at Puyallup, Washington, and one grown 
at Corvallis, Oregon, were obtained through Mr. J. W. Dan- 
iels, Mr. D. Dickson, and Mr. Schotk, respectively. A sample 
of the cured foliage (“hay”) was also received from Mr. 
Schoth. This pea (“flat pea”) has been recommended as a 
promising pasture crop on rough or logged-off land (Grunder 
and Dickson, ’48). 

DISCUSSION 

Lathyrus odoratus 

As shown in table 1, rats fed a diet which contained 50% 
of sweet pea meal uniformly developed lathyrism. The symp- 
toms were, for the most part, similar to those reported by 
Geiger, Steenbock, and Parsons (’33) and included incont- 
inence, lameness, paralysis of the rear limbs, paralysis of 
the front limbs with loss of control of the wrists, and spinal 
curvature. The spinal curvature was observed chiefly in the 
thoracic region and was usually both ventral and lateral. The 
sternum was deformed, frequently to such an extent that the 
volume of the thoracic cavity was strikingly diminished. We 
observed no instances of the hernias 4 reported by Geiger, 
Steenbock, and Parsons (’33). It was striking that, despite the 
markedly toxic character of the diet, the animals in most cases 
continued to consume the diet readily, almost to the point of 
death. There was a marked variation in the period which 
elapsed from the onset of symptoms (initial, 2 to 71 weeks; 
marked paralysis, 3 to 14 weeks) to death. All of our animals 
fed the sweet pea diet succumbed, but the period of feeding 
varied from 5 to 35 weeks. Most animals died within 7 to 10 

* In very recent experiments still in progress, in a series of 6 animals, we have 
observed one hernia in which a testis was involved. No hernias were observed in 
any of the animals referred to in table 1, nor in the subsequent experiments in 
which other species of Lathyrus were fed. 
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weeks. None of the control rats showed any symptoms or ab- 
normalities. 

We used young rats in our experiments, as already indi- 
cated. However, we were able to produce the same clinical 
picture with older rats (up to 250 gm body weight). The spi- 
nal curvatures were, however, much less marked and the 
time when the symptoms appeared was much less constant 
than with the young rats. 

TABLE li 


Increments in weight and clinical observations (paralysis) of young white rats fed 
sweet pea , modified sweet pea and edible pea (control) diets 


GROUT 

> DIET 

AVERAGE GAIN 

PER 100 GM TOOD 

CLINICAL 

1 . 

Odoratus (21) 

firm 

20.6 

7,8,5,5,8,10,11,10,5,7, 

2. 

White pea (16) 

24.7 

5,4,5,5,6,7,3,4,4,13,14 
no paralysis 

3. 

Odoratus + 25% casein (2) 

16.6 

4,6 

4. 

White pea + 25% casein (2) 

21.4 

no paralysis 

5. 

Odoratus, baked (5) 

14.7 

7, 7,6,7, 8 

6. 

Odoratus, baked + 12 mg 
ascorbic acid daily (5) 

15.7 

7, 5, 5, 6, 6 

7. 

Odoratus, autoclaved (4) 

26.4 

4, 5, 5, 6 

8 . 

White pea, autoclaved (4) 

31.4 

no paralysis 

9. 

Water-extracted odoratus + 
split pea extract 3 (4) 

20.2 

no paralysis 

10. 

Water-extracted white 
pea + odoratus extract 3 (4) 

25.8 

4, 5, 7, 5 

11. 

40% white pea + 10% dried 
odoratus extract 3 (2) 

22.7 

11,11 

12. 

Alcohol (30%) — 
extracted odoratus (2) 

17.8 

no paralysis 

13. 

White pea + 1% phytin (5) 

25.1 

no paralysis 

14. 

White pea (5) 

23.8 

no paralysis 

15. 

Odoratus + liver extract (3) 

27.4 

9,7,7' 


1 The gains per 100 gm of food are calculated for the first 4 weeks of the ex- 
perimental period. The values in parentheses are the number of experimental 
animals in each group. The figures in the column headed 1 ( Clinical 1 2 ’ represent the 
period in weeks at which symptoms of marked paralysis appeared. The diets all 
included 50% of pea meal and 10% of casein except where indicated (groups 3, 
4 and 11). 

2 Aqueous extract. 

3 30% alcohol extract. 
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Through the cooperation of Dr. Fred J. Hodges and Dr. 
Robert W. Bryn of the Department of Roentgenology, it 
was possible to make a series of roentgenological studies at 
weekly intervals on a group of 6 rats fed the Lathyrus pea 
diet and a similar control group fed the white pea diet. We 
were thus able to observe the progressive changes in the 
skeletal structures as lathyrism developed (fig. 1). No path- 



Fig. 1 Koontgenological observations on rat 157 fed the Lathyrus odoratus 
diet. The photographs at t-lie left and right show the skeletal changes at 5 and 7 
weeks respectively. 


ological conditions were observed in the control group at 
any time. 

The development of marked kyphosis and scoliosis of the 
spine with the apex of curvature in the mid- and lower-thor- 
acic regions, observed in the skeletons at autopsy, was readily 
seen in the films. Curvature of the spine could be observed 
after two weeks on the sweet pea diet, and increased pro- 
gressively during the period of observation. Although it 
would seem likely that there should be deformity in individ- 
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ual segments of the vertebrae due to compression, there 
appeared to be no gross evidence of such deformity or decal- 
cificatiou in the course of the development of the abnormal 
picture. The changes were postulated to be in the soft tissue- 
supporting structures of the spine, which were such that 
deformity could easily occur. The deformity of the bony 
thoracic cage was considered to be the result of the developed 
kyphosis of the spine. 

Changes in the femur were similar to those seen in human 
osteomalacia. In the rats there occurred irregularities of 
the proximal third of the femur with thickening of the cor- 
tices, sub-periosteal calcification and multiple infractions 
near the end of the shaft. The changes in the tibia, for the 
most part, consisted of osteoperosis (demineralization). Most, 
striking were the changes in the knee joints, with fragmen- 
tation of the epiphyses of the tibia, femur, and to a milder 
degree, of the patella. Marginal sclerosis was present and 
there was evidence suggestive of hemarthrosis (bleeding into 
the joint). The changes in the knee joints might be compared 
to those in Charcot’s disease in man, which is a disorder of 
neurotrophic origin. 

These in ■, vmo observations were confirmed by autopsy. The 
changes in the spine, femur, and tibia were similar to those 
described by Geiger, Steenbock and Parsons (’33). The spi- 
nal column, bones of the hind limbs, and muscle were exam- 
ined microscopically by Professor Carl V. Weller of the 
Department of Pathology, to whom we are indebted for the 
pathological reports. Characteristic findings on two animals 
are presented. In Eat 17, “the spine shows the same severe 
changes as are found in the long bones. There is a sharply 
localized collapse of the centra which must mean that there 
was an early decalcification. This has resulted in a. com- 
pression of the spinal cord of so severe a degree that there 
is adequate explanation of the paralysis of the extremities. 
There is much new formation of connective tissue and car- 
tilage and also periosteal hemorrhage. The proliferation of 
connective tissue extends into the neighboring muscle.” In 
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Eat 5, the bone marrow, after decalcifieation, “is in part 
fatty myxomatous and there is much less hematopoiesis than 
in the control animal. There has been a new formation of 
bone upon the original cortex and a sclerotic layer has de- 
veloped in the periosteum. Epiphyseal lines are widened, 
particularly at the upper end of the femur In ad- 

dition to the effect in hematopoiesis, there is a delayed os- 
sification (such as is seen in rickets), while new formation 
of bone around the shaft is more suggestive of a late stage 
of scurvy.” 

The toxicity of the Lathyms pea diets was not altered 
when extra casein was added to give a total dietary protein 
content of approximately 38% (25% casein), the extra casein 
replacing an equivalent amount of starch in the diet. The 
presence of considerable amounts of good animal protein 
did not delay or prevent the onset of lathyrism (cf. Groups 
3 and 4, table 1). The failure of casein in concentrations of 
either 10 or 25% in the diet to prevent the development of 
lathyrism is of interest, since it has been suggested that lack 
of adequate amounts of dietary tryptophane may be a factor 
in lathyrism (Diaz, ’41). Certainly the tryptophane content 
of our casein-pea meal diets was such that there could have 
been no tryptophane deficiency. 

The sweet pea meal was mixed thoroughly with an equal 
weight of water and the mixture was baked in an oven at 
80° for 24 hours. When the baked meal was incorporated 
into the diets, there was no change in the toxicity (Group 5, 
table 1). More drastic heat treatment was obtained by auto- 
claving both the sweet pea and white pea meals at 120° for 6 
hours. Diets in which the autoclaved sweet pea meal was 
present (Group 7, table 1) were no less toxic than those 
which contained the raw meal. It is therefore evident that, 
as noted by Geiger, Steenbock and Parsons (’33), the toxic 
principle of sweet peas is thermostable, even when autoclaved. 
There is considerable evidence that cooking frequently in- 
creases the biological value of otherwise inferior leguminous 
protein (Waterman and Johns, ’21; Johnson, Parsons, and 
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Steenbock, ’39; Lewis and Taylor, ’47). It is of interest to note 
the somewhat better gains per 100 gm of food consumed which 
were observed when the autoclaved pea meals, both the sweet 
and white pea, were fed (cf. Groups 1 and 7 and Groups 2 and 
8, table 1). 

In a further study of the properties of the toxic agent pres- 
ent in sweet peas, the meal was extracted overnight at 0° 
with distilled water. The extract was decanted and the ex- 
traction repeated three times. The combined extracts were 
evaporated to a thick syrup in vacuo. A similar extraction 
of white pea meal was carried out. To the extracted white 
pea meal residue was added the concentrated extract of 
sweet peas, and to the extracted sweet pea meal residue was 
added the extract of white peas. The combined extracts and 
residues were then dried in thin layers at 80°, finely ground, 
and the mixtures incorporated into the diets. All of the ani- 
mals receiving the Laihyrus extract-white pea meal residue 
diet (Group 10, table 1) showed the characteristic symptoms 
of acute lathyrism, while none of the group fed the white pea 
extract-sweet pea meal residue diet (Group 9, table 1) ex- 
hibited any signs of toxicity. It was thus shown that the toxic 
material was readily extracted by cold water from the sweet 
pea meal and that the residual extracted meal was non-toxic, 
a finding in accord with that of Geiger, Steenbock and Par- 
sons (’33) who used boiling water in their experiments. The 
toxic agent could not be removed by extraction of the meal 
with cold ether or 95% alcohol. After a series of trials, it 
was found that the most efficient removal of the toxicant 
could be effected by slow percolation of the meal with 30% 
alcohol in the large percolators commonly used for the ex- 
traction of drugs in pharmaceutical procedures. "When sweet 
pea meal thus extracted was incorporated into the diet' (Group 
12, table 1), no toxicity resulted. On the other hand, when 
the dried 30% alcohol extract of sweet pea meal was added 
to white pea meal and the mixture incorporated into the diet 
(Group 11, table 1), the toxicity was similar to that observed 
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when a control group of animals was fed the unextracted 
sweet pea meal diet. 

It has been suggested (Stockman, ’34a, ’34b) that an im- 
portant factor in lathyrism and other intoxications caused 
by eating the seeds of certain legumes may be the presence 
of a toxic organic phosphate, possibly phytin or phytic acid, 
and that lathyrism results when this ester fails to be split 
by the phosphatase in the alimentary canal and is absorbed 
without hydrolysis. Although in the light of more recent 
studies of phytin this hypothesis seemed improbable, we 
tested it by feeding edible white pea diets to which 1% of 
phytin 5 had been added. Although the experiments were con- 
tinued for a period longer than that required for the develop- 
ment of skeletal changes and other symptoms of lathyrism (14 
weeks), no toxic effects were observed (Group 13, table 1), 
nor. was the growth of the animals inferior to that of the 
control group fed the edible pea diet without added phytin 
(Group 14, table 1). 

We have observed that the addition of liver extract to the 
diet of rats has frequently resulted in increased food con- 
sumption and improved growth. Powdered liver extract 6 
in amounts of 100 mg per day was added to the diet of the 
rats fed the sweet pea meal. These animals were paired with 
rats fed the sweet pea diet alone, whose food consumption 
determined the amounts of food offered the group fed the 
liver extract. The gains per 100 gm of food for the initial 
4-week period were 24.9, 14.8 and 19.2 gm for the odoratus 
group as compared with 26.0, 29.4 and 26.6 for the liver 
extract group. Despite this superior gain, the addition of 
powdered liver extract failed to protect against the onset of 
lathyrism (Group 15, table 1). 

Both the roentgenological examination of the living ani- 
mals and the pathological examination of the tissues indicated 
the presence of hemorrhagic changes, suggestive of scurvy. 

5 We wish to express our appreciation to the Staley Manufacturing Company 
for the gift of the phytin used in these experiments. 

6 See footnote 3, page 540. 
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Although the rat is able to synthesize ascorbic acid and does 
not require its presence in the diet, it was thought possible 
that the toxicant might in some manner have increased the as- 
corbic acid requirement, so that the animal was unable to 
synthesize it in adequate amounts. A condition such as this 
was observed in mice by Wolley and Krampitz (’43). This 
species also does not require dietary ascorbic acid, being able 
to meet its needs by synthesis. If glucoascorbic acid, a homo- 
logue of ascorbic acid containing 7 rather than 6 carbon 
atoms, were fed, the mice developed severe scurvy, compar- 
able to the experimental scurvy seen in guinea pigs. These 
observations were interpreted as indicating a biological com- 
petition between the glucoascorbic acid and the ascorbic acid 
synthesized by the animal. The addition of liberal amounts 
of ascorbic acid to the Lathyrus diet afforded no protection 
against the production of lathyrism. Rats fed the sweet pea 
diet with or without added ascorbic acid (12 mg daily) de- 
veloped lathyrism of essentially the same severity and within 
the same period of time (Groups 5 and 6, table 1). The con- 
tent of ascorbic acid in the plasma and tissues 7 of a group 
of control animals which were fed the stock diet, and of the 
groups which received the sweet pea diet with and without 
added ascorbic acid, was determined. No differences in the 
values were observed (table 2). The ascorbic acid was de- 
termined by the Bessey ( ’38) modification of the procedure 
of Mindlin and Butler. It would appear that a disturbance 
in ascorbic acid metabolism is not a factor in the causation 
of lathyrism by the sweet pea diet used in the present study. 

Two theories of the cause of lathyrism are commonly 
proposed : lathyrism may be a “deficiency” disease or it may 
be occasioned by the presence of an intoxicant (presumably 
a “neurotoxin”) in the seeds of the Lathyrus species. Defi- 
ciencies in protein and in vitamins have been suggested. The 
poor biological value of the proteins of many legumes is rec- 
ognized and, in particular, claims have been made that Lathy- 

1 These determinations were carried out by Mrs. Naomi Levine Foa, to whom 
we are indebted. 
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rus pea protein is deficient in tryptophane. In the present 
experiments, in which casein at a level of 10% (or, in a few 
animals, 25%) was present in the diet, a deficiency in or a 
low biological value of the protein, and certainly a low content 
of dietary tryptophane, can hardly be the basis of the nutri- 
tive failure of the animals. Moreover, heat treatment of the 
sweet pea meal, a treatment which frequently increases the 
biological value of leguminous proteins, failed to influence 
the development of lathyrism. 


TABLE 2 1 

Ascorbic acid content of tissues of control rats and of rats fed the sweet pea diet 
with or without the addition of ascorbic acid 


TISSUE 


diet 


Stock 

Lathyrus peas 



No supplement 

Ascorbic acid 

Liver 

0.24 

0.19 

0.21 


(0.15-0.32) 

(0.15-0.27) 

(0.16-0.25) 

Kidneys 

0.10 

0.12 

0.13 


(0.06-0.13) 

(0.09-0.14) 

(0.06-0.16) 

Adrenals 

2.36 

2.86 

2.61 


(0.91-4.2) 

(2. 2-3. 4) 

(1.9-3 .1) 

Plasma 

0.47 

0.26 

0.49 


(0.22-0.96) 

(0.14-0.38) 

(0.35-0.61) 


1 Average values for three groups of 5 animals each are given with the ranges 
in parenthesis. All values are expressed as milligrams per gram of tissue or per 
100 ml of plasma. The rats fed ascorbic acid received 12 mg per day. 


Among vitamins, lack of which has been believed to be a 
factor in lathyrism, are vitamin A and the B complex group. 
In all our experiments, the rats received vitamins A and D 
in the form of cod liver oil. None of our control animals ex- 
hibited the symptons of lathyrism as did the animals fed 
the sweet pea diet, as might be expected if deficient fat-sol- 
uble vitamins were related to lathyrism. Water-soluble vita- 
mins were supplied by dried yeast powder. The onset of 
lathyrism was not delayed in our animals by the addition to 
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the diet of liberal amounts of liver extract. This observation 
is opposed to the findings of Diaz and Vivanco (’42) and 
Diaz, Vivanco and Mendoza (’43), who were able to prevent 
the development of toxicity in rats 8 fed Lathyrus cicera by 
feeding crude liver extract. Since their autoclaved extract 
failed to protect the animals, the presence of a new water- 
soluble thermostable protective factor in liver was postulated. 

The results of our experiments with Lathyrus odoratus 
suggest that lathyrism is related to a thermostable toxic 
agent, which cannot be extracted from the seed by ether but 
which is removed readily by cold water or by 30% alcohol. 
Experiments with other species of Lathyrus support this 
observation. 

The growth of the young animals fed other species of Lath- 
yrus, which were not acutely toxic, is shown in table 3. The 
growth responses calculated per 100 gm of food for periods 
of 4 and 7 weeks respectively are presented for both the ex- 
perimental groups (fed the Lathyrus peas) and their paired 
controls (fed the edible white pea). Since, in certain cases, 
definite failures in food consumption were observed and tox- 
icity developed as the experiment progressed beyond 4 weeks, 
the gains in the 1st 4 weeks are perhaps more significant. 
The number of animals is the number of rats fed the experi- 
mental diets; the number of control rats (edible split pea 
diet) equalled them in all cases. The experiments with cer- 
tain species were continued beyond 7 weeks ; this is indicated 
in the column “Total period.” The last column (“Clinical”) 
presents the time required to develop symptoms of paralysis, 
lameness and similar indications of experimental lathyrism. 

Lathyrus sativus 

Contrary to observations in both man and many domestic 
animals, in whom lathyrism, both experimental and clinical, 
has been noted after the feeding of this species, we have ob- 

8 Diaz and Ms eo-workexs observed toxicity in rats fed Lathyrus cicera , but 
emphasized that the symptoms were not those of lathyrism as seen in either man 
or the horse. 



TABLE 3 1 

Growth of young white rats fed various species of Lathyrus 
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meal was fed. The figures in the column headed < ‘ Clinical notes ’ 9 represent the period in weeks in which symptoms of marked 
paralysis appeared. The animals fed L, tingitanus showed the osseous malformations associated with lathyrism, hut developed no 
marked paralysis. 

2 Died in 43 weeks. 

3 All animals of this group were either dead or killed at the period (weeks) indicated in the last column. 
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served satisfactory growth in rats fed this legume over per- 
iods of 7 to 14 weeks. In the first series of 6 rats (table 3), 
the food intake of the experimental group was limited to 10 
to 12 gm daily, while in the 2nd series the voluntary food in- 
take often reached 16 to 17 gm daily. The animals ate the 
L. sativus more eagerly than any other experimental or con- 
trol diet. The gains per 100 gm of diet were essentially the 
same as those of the litter mates fed the white pea diet. 

These results are in agreement with those of Diaz and 
Vivanco (’42), McCarrison and Krishman (’34), Yiseo (’24b) 
and Zagami (’31), who were unable to observe symptoms 
of lathyrism in young rats fed L. sativus. McCarrison and 
Krishman (’34), however, who fed L. sativus as the sole 
component of the diet, reported that the animals refused food 
after 6 weeks and died from asthenia. The animals of Diaz 
and Yivanco (’42), which received diets composed exclusively 
of raw or cooked L. sativus, also grew less rapidly than the 
controls on a mixed diet, although no deaths or signs of 
lathyrism were observed in 8 or 9 weeks. Zagami ( ’31) also 
observed retarded growth and failure of normal develop- 
ment, even though symptons of lathyrism were not present. 
Our animals fed sativus at the 50% level made good gains 
and continued to grow throughout a period of 14 weeks. 

Lathyrus cicera 

The ingestion of this species of Lathyrus by both man and 
domestic animals (Schuchardt, 1886-87; Stockman, ’29) has 
led to the development of lathyrism, although it has not been 
possible to produce lathyrism by feeding L. cicera to rats, 
even when the diet is composed exclusively of this pea. Sim- 
ilar results with rats were obtained in our own experiments 
in which L. cicera was fed at the 50% level. The rats ate 
the diet well ; good growth comparable to that of control ani- 
mals fed the edible split pea of commerce was obtained ; and 
no symptoms of lathyrism were noted (table 3). No spinal 
curvature or abnormalities of the long bones were seen at 
autopsy. 
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Lathyrus aphaca 

None of the rats fed diets containing - this pea developed 
any of the characteristic symptoms of lathyrism within a 
period of 17 weeks. Although no acute toxicity was apparent, 
the gains per 100 gm of food eaten were definitely less than 
those of the pair-fed control group which received the edible 
white pea diets (table 3). There appeared in several of the 
animals some alopecia, notably around the neck. The addition 
of inositol to the diet failed to influence the development of 
the alopecia in these animals. It is evident that the acute 
toxic factor associated with L. odoratus and some other 
species of Lathyrus to be discussed is not present in L. aphaca, 
but that the seed, presumably the protein of the seed, is in- 
ferior from the nutritive standpoint to L. sativus, L. cicera, 
or Pisum sativum. 

Lathyrus hirsutus 

In the 1st series of experiments with this species of Lathy- 
rus, the animals grew moderately well for 13 or 14 weeks 
and up to that time showed no signs of paralysis or spinal 
curvature. Subsequently, however, they lost weight, devel- 
oped paralysis and spinal curvature and died in 26 to 43 
weeks. We have never observed so long a period of survival 
in rats fed a diet containing the sweet pea (L. odoratus). 
On the latter diet the rats developed symptoms of paralysis 
in 7 weeks or earlier and in no cases survived more than 16 
weeks. We were able to secure a 2nd sample of L. hirsutus 
seeds grown in a different season, but in the same region. 
On a diet containing these peas, growth was poorer and the 
animals developed the characteristic symptoms of lathyrism 
in 6 to 11 weeks. It is evident that the seeds of L. hirsutus 
are toxic and produce symptoms similar to those occasioned 
by L. odoratus, although the toxicity is definitely less. Path- 
ological changes in the long bones and spinal column similar 
to those produced by diets containing L. odoratus were re- 
ported by Dr. Carl V. Weller, to whom we are indebted for 
the pathological studies. 
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Lathyrus tingitanus 

This seed, when fed at a level of 50% in the diet, proved 
very toxic. The animals ate the diet poorly and died in from 
8 to 25 days. Thus rat 83 consumed only 20.5 gm of the mixed 
diet (equivalent to approximately 10 gm of the pea meal) 
over a period of 9 days and died on the 9th day. The addition 
of 100 mg of powdered liver extract 9 to the diet, while it re- 
sulted in some increase in food consumption, did not in any 
way decrease the toxicity. When L. tingitanus was incorpor- 
ated into the diet at the lower level of 25%, the animals sur- 
vived for longer periods of time but lost weight in the 4-week 
period and had made little recovery at the end of the 7-week 
period (table 3). Of a group of 5 animals fed at this level 
three died and two were killed at the end of 25 and 33 weeks 
respectively. All of the animals of the group developed 
spinal curvature and the other skeletal changes characteristic 
of lathyrism in the rat. Addition of powdered liver extract 
over a period of 15 weeks failed to improve the growth or to 
prevent the development of symptoms. When the rats were 
fed the seed extracted with 30% alcohol as described pre- 
viously, the diet was eaten readily even at the 50% level and 
the animals made essentially the same gains as the controls 
(table 3). No signs of lathyrism were observed in 12 to 14 
weeks. This is in marked contrast to the experiments with the 
unextracted seed in which, at the 50% level, the food consump- 
tion was poor, the animals lost weight rapidly, and died in 
from 8 to 25 days. It is evident that Lathyrus tingitanus con- 
tains a toxic substance, extractable by 30% alcohol, and that 
the extracted pea meal is of good biological quality as evid- 
enced by gains per 100 gm of food consumed. 

Lathyrus sphaericus 10 

This seed also proved to be highly toxic when fed at a level 
of 50% of the diet. The rats ate the diet poorly even when 

• See footnote 3, page 540. 

10 These experiments were carried out with the cooperation of Prahlad C. Raj am. 
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powdered liver extract was added and young animals of 40 
to 50 gm body weight died in 4 to 8 days. With slightly older 
and larger animals (85-95 gm), the period of survival (12, 14 
23 and 38 days for one group) was longer, but the symptoms 
were similar. Even with fully grown rats of 275 to 300 gm 
in weight, death resulted in 25 to 45 days. The animals lost 
weight rapidly; this was in part due to low food consumption, 
but it should be pointed out that the loss in weight in the' pair- 
fed controls was only about 50% of that of the experimental 
groups. The animals became weak and gradually lost control 
of their movements ; the hind legs became stiff and later par- 
alyzed. Since the young animals died after so short a period 
on the experimental diet, it was hardly to be anticipated that 
the skeletal changes seen in animals fed the seeds of L. odor- 
atus or hirsutus would be observed. 

Two rats of 115 to 125 gm body weight were fed the meal 
of L. sphaericus, previously extracted with 30% alcohol. The 
animals ate well and developed no symptoms of toxicity over 
a period of 21 days. Unfortunately, our limited supply of 
seed prevented further studies along this line. 

Lathyms sylvestris Wagneri 

Of all the species of Lathyrus studied, this pea was the 
most toxic. When fed at the 50% level, the animals refused 
food within two to three days and died within 4 to 10 days. 
In many cases, symptoms of intoxication developed after the 
animal had eaten as little as 4 gm of the legume (8 gm of the 
mixed diet). The symptoms of intoxication were striking; 
the animals became hyperexcitable and during convulsive 
seizures would stand upright with head thrown back and with 
increased and spasmodic respiration. These seizures were re- 
peated at frequent intervals and could be induced readily by 
external stimuli (touching animal with a rod, knocking on 
the cage, etc.). We observed the same symptoms of intoxica- 
tion when seed grown in both Washington and Oregon and in 
different seasons was fed. With larger rats, the same picture 
was presented but the symptoms were somewhat delayed. 
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One rat of 250 gm survived the acute stages of toxicity and 
was fed the laboratory stock diet for over 8 months. However, 
it was possible to induce convulsive seizures by external 
stimuli even up to approximately 8 months after the diet 
containing L. sylvestris was withdrawn. 

The same results were obtained when a diet containing 
50% of finely pulverized sylvestris hay and 20% of casein, 
or the hay alone, was fed to larger rats. Characteristic symp- 
toms and death resulted in from 6 to 13 days. In one experi- 
ment, the animal had consumed only 4gm of hay prior to 
death. 

The toxic agent could not be extracted from the pea meal 
by ether but could be removed by extraction with 30% alcohol. 
Gains of 11.7, 15.0 and 23.2 gm per 100 gm of food were ob- 
tained with the extracted pea meal, gains comparable to those 
of control animals under similar conditions of diet but receiv- 
ing white peas. 

The results of our studies with 8 species of Lathyrus have 
shown the presence of a factor in the seeds, with the exception 
of those of L. sativus, L. cicera and L. aphaca, which is toxic 
for rats under the conditions of our experiments. It is yet 
to be determined whether experiments carried out for longer 
periods of time would reveal the presence of a toxin for rats 
in the three apparently nontoxic species. It is notable that 
two of these species (L. sativus and cicera) have been com- 
monly associated with human lathyrism. In those species in 
which we have undertaken to extract the intoxicant, the 
principle has been soluble in 30% alcohol and the residual 
meal after the alcohol extraction has been devoid of toxicity 
and as effective in the promotion of growth as the white split 
pea of commerce, when fed at the 50% level with 10% of 
casein. 

Of the species studied, Lathyrus sylvestris Wagneri has 
proved most toxic. Its action suggests the presence of a 
very powerful neurotoxin. It is of interest to note here the 
careful description of the pathological anatomy of a human 
ease of lathyrism (Lathyrus sativus) reported by Filimonoff 
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(’26), in which extensive injury to the nervous system was 
observed. He also mentions many observations from the 
older Russian literature not available to us. Of particular 
significance is the citation (p. 79) of the experiments of 
Spirtoff with dogs in 1903, in which acute lathyrism with 
marked nervous injury was produced by prolonged feedings 
of L. sativus, clymenum, cicera and sylvestris in considerable 
amounts. Of these, Lathyrus sylvestris was most rapidly 
toxic and produced more severe injury to the gray matter 
of the cerebrum, notably the cortex, than did the other peas. 
The toxicity of the foliage of this species for certain domestic 
animals is recognized in our Western states (Grander and 
Dickson, ’48; Haag, ’48). Further studies of the nutritive 
value of Lathyrus species are in progress in this laboratory. 

SUMMARY 

The nutritive values of the seeds of a number of species of 
Lathyrus of importance in human or animal nutrition when 
fed at a level of 50% with 10% of a biologically superior pro- 
tein (casein) and with adequate minerals and vitamins have 
been studied in young white rats. 

In confirmation of the studies of Geiger, Steenboek and 
Parsons (’33), nutritive failure and experimental lathyrism 
resulted when young white rats were fed diets containing 
ground sweet peas (Lathyrus odoratus). Since the diets con- 
tained also 10% (in a few experiments, 25%) of casein, a 
protein or amino acid deficiency is not believed to be a causa- 
tive factor. 

The condition is believed to be associated with the presence 
of an intoxicant, which is stable to heat (24 hours at 80°, 6 
hours at 120° in an autoclave) and which can be extracted 
readily by cold water or 30% alcohol. The extracted sweet 
pea meal was not toxic. 

Although roentgenological and pathological observations 
indicated certain changes suggestive of scurvy, the addition 
of 12 mg of ascorbic acid daily to the diet failed to prevent 
lathyrism. The ascorbic acid content of the blood and tissues 
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of rats fed the sweet pea diet and the sweet pea diet plus as- 
corbic acid was the same as that of control animals of the 
same age fed the usual stock diet. When liver extract was 
added to the sweet pea diet, the development of lathyrism 
was neither prevented nor delayed. 

When phytin was added to our control (white pea) diets, 
no toxicity was observed. 

Lathyrus sativus and cicera showed no toxicity and pro- 
moted growth as effectively as did the edible white split 
pea of commerce. Lathyrus aphaca. was nontoxie, but was 
inferior in growth promotion to the other species. 

Lathyrus hirsutus, tingitanus, sphaericus, and sylvestris 
Wagneri were toxic, and the last three were unacceptable to 
the rats (they are listed in order of increasing toxicity). Of 
these, Lathyrus sylvestris Wagneri was most acutely toxic 
and appeared to contain a toxic substance which produced 
marked injury to the nervous system. The toxic material 
of L. tingitanus, sphaericus and sylvestris Wagneri could 
be extracted by 30% alcohol and the extracted meal was effect- 
ive in promoting growth. 

With the species less acutely toxic (L. hirsutus and tingit- 
anus), it was possible to obtain the skeletal changes described 
as typical of lathyrism. 
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Beriberi ranks very high in the Philippines as a cause of 
illness and of death. During 1946 and 1947 it ranked second 
only to pulmonary tuberculosis as a cause of death. The 
respective mortality rates per 100,000 population for the 
two diseases were 148.21 and 170.06 in 1946. In 1947 beriberi 
claimed 24,296 lives with a mortality rate of 131.92 per 100,000, 
compared with 116.13 in 1939 and 111.87 in 1940. About two- 
thirds of the deaths are of infants. 

While there are still many unknown factors in the etiology 
of beriberi, it has been commonly accepted that in rice-eating 
countries the disease is due, in a practical sense, to the con- 
sumption of large quantities of highly polished rice. Clinical 
beriberi is endemic in certain areas in the Philippines where 
rice is the chief staple food. Mortality from beriberi tends 
to be highest in those provinces where rice is grown most 
intensively. 

1 This study has been made possible by a grant from the Williams-Waterman 
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An attempt is projected to reduce the incidence of beriberi 
in an endemic area in the Philippines by trial of artificial 
enrichment of the entire rice supply. Bataan was selected 
because of its high beriberi mortality, the presence of only 
one national highway, whereon rice traffic may be controlled 
readily, and the generally uniform economic and agricultural 
conditions in all parts of the province. This paper deals 
with the findings of an 8-month clinical beriberi survey in that 
province, in contemplation of the introduction of enriched 
rice later in 1948. For comparison the survey will be repeated 
at a later date. 

Metcoff and his co-workers ( ’45) described a nutritional 
survey at Norris Point, Newfoundland, in June 1944. The 
survey was done with a two-fold purpose; (1) rapid assess- 
ment of nutritional status; (2) establishment of a baseline 
for comparison with conditions after the then-contemplated 
introduction into Newfoundland of enriched flour. Our study 
thus has a pattern similar to that of Metcoff et al. 

Of the 12 towns in Bataan, 9 were surveyed by sampling. 
From 11.11% to 64.04% (average 22.26%) of the total popu- 
lation in each town was examined clinically. The total num- 
ber of persons examined was 12,384, among whom 1,580 cases 
of frank or suspected beriberi were encountered. The eases 
of beriberi were classified as frank or apparent, suggestive, 
and clinically doubtful. The population surveyed was classi- 
fied as (a) infants; (b) children; (c) expectant mothers; (d) 
nursing mothers ; (e) other adults. 

MATERIALS AND METHODS 

Three survey teams, each consisting of a full-time Medical 
Officer and a Clerk-Helper, were constituted and three muni- 
cipalities were assigned to each team. Each physician made 
a thorough physical examination of 1,000 to 2,500 random 
subjects in each municipality assigned to him. Municipalities 
in the Philippines consist of a central town (poblacion) 
usually surrounded by several villages (barrios). With few 
exceptions, the survey included a proportionate sample from 
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the central town and from each barrio. Two of 12 barrios 
in Hermosa were omitted because of disturbed socio-economic 
conditions there. 

The physical examination included the t akin g of blood 
pressure, height and weight, and an examination for beriberi 
symptoms as indicated in table 3. The age, sex, occupation, 
address, family income per month, number of members of 
the family, other dependents, and similar pertinent data were 
recorded. Subjects who showed clinical beriberi, including 
clinically doubtful or suspicious cases, were referred to 
physicians on part-time service with the local uni ts of the 
Bureau of Health. Clinical diagnosis of beriberi was accepted 
only when confirmed by the latter group of physicians. 

Metcoff et al. (’45) classified nutritional deficiencies thus: 
(1) apparent, when the subject exhibited three signs or two 
signs and one or more symptoms characteristic of a dietary 
deficiency; (2) suggestive deficiency, when the subject had two 
signs or one sign and one or more symptoms; and (3) ques- 
tionable deficiency if only one sign was present or if signs 
were less definite. In the present survey, the classification 
adopted by Metcoff was followed using the terms frank or 
apparent beriberi, suggestive beriberi and clinically doubtful 
beriberi. 

Dann and Darby (’45) in discussing the zones of nutriture 
defined 5 zones or levels as follows: (1) saturated; (2) un- 
saturated, but functionally unimpaired; (3) potential de- 
ficiency disease; (4) latent deficiency disease, which was 
described by them as the mildest clinically-detectable form 
of deficiency characterized by “vague, indefinite, non-specific 
symptoms,” and (5) clinically manifest deficiency disease 
which is divisible into mild or severe forms. Mild deficiency 
is that stage of the disease in which the classical syndrome 
has not yet been manifested but there are present highly 
suggestive signs and symptoms sometimes requiring labor- 
atory confirmation and therapeutic tests to establish the diag- 
nosis. The classical syndrome is present in severe deficiency. 
In this work, clinically doubtful beriberi falls under the classi- 
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fication of latent deficiency, and suggestive and frank beriberi 
are under the categories of mild and clinically manifest 
severe deficiency, respectively. Continuing, these authors 
re-stated the concept of the progressive development of de- 
ficiency diseases from a diminished concentration of the vita- 
mins in the blood, succeeded by decreasing body stores, lead- 
ing subsequently to a functional impairment, then to micro- 
scopic and finally to gross anatomic changes. In assessing 
nutriture they listed clinical examinations, demonstrations 
of a biochemical or physiological lesion, and estimates of the 
past dietary intake as the methods used. They emphasized, 
however, that estimation of the dietary intake is of secondary 
value at present, especially in potential or latent deficiencies. 
Similarly, Gordon (’47) divides the development of deficiency 
diseases into 4 stages : (1) suboptimal intake of one or several 
nutritional factors; (2) depletion of storage reserves; (3) 
appearance of a biochemical lesion detectable by chemical 
tests; and (4) development of tissue changes. 

Darby and Milam (’45) in a field study of the prevalence 
of clinical manifestations of dietary inadequacy included in 
their survey a medical history, a physical examination, a 
series of laboratory determinations of blood specimens, and 
the recording of individual 7-day food intakes from which the 
average daily intake of the various nutrients was determined 
by the use of food tables. King (’48) noted that chemical 
methods of appraising nutritional status are being more 
widely used in order to furnish a better basis for diagnosing 
deficiencies, not by replacing but by supplementing dietary 
histories and clinical examinations. 

In this survey the signs and symptoms of clinical beriberi 
were listed on a card on which the examining physician in- 
dicated for each person the presence or absence and the sever- 
ity of existing signs and symptoms (see table 3). In drawing 
up the card of symptoms and signs, the descriptions by 
Jolliffe ( ’45), Albert and Abad ( ’47), Eddy and Dalldorf ( ’41), 
Youmans (’43), McLester (’43), Wohl (’45) and Hibbs (’46) 
were consulted. 
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FINDINGS AND OBSERVATIONS 

The incidence of clinical beriberi in Bataan, in people of 
varions ages and physiological conditions, is presented in 
tables 1 and 2, the findings being classified by degree of de- 
ficiency and place of residence. An analysis of the data 


TABLE 1 

Incidence of clinical beriberi in Bataan by age , physiological condition and 
degree of deficiency 


POPULATION 

GROUP 


PRANK 

BERIBERI 

SUGGESTIVE 

BERIBERI 


DOUBTFUL 

BERIBERI 


TOTAL 

(a) 

0>) 

(c) 

(a) 

(b) 

(c) 

(a) (b) 

(c) 

(a) 

(b) 

(c) 

Infants 

(0-2 

no 

. % 

% 

no. 

% 

% 

no. % 

% 

no. 

% 

% 

years) 

Children 

(2.01-15 

5 

0.48 

.040 

12 

1.07 

.097 

16 

1.56 

.129 

33 

3.03 

0.27 

years) 

13 

0.43 

.105 

7 

0.28 

.057 

24 

0.68 

.194 

44 

1.58 

0.356 

Expectant 

mothers 

43 

6.65 

.346 

74 11.45 

.597 

122 

18.88 

.985 

239 

36.99 

1.93 

Nursing 

mothers 

79 

4.78 

.636 

1'20 

7.27 

.970 

291 

17.63 

2.350 

490 

29.69 

3.96 

Other 

adults 

Total 

popu- 

105 

1.82 

.845 

230 

4.16 

1.860 

439 

7.60 

3.540 

774 

13.41 

6.24 

lation 

245 


1.99 

443 


3.58 

892 


7.24 

1580 


12.76 


(a) Number of eases found. 

(b) Per cent incidence in group. 

(c) Per cent incidence in population. 


shows the following: (a) There is no significant difference 
in the incidence of clinical beriberi between the nrban popula- 
tion (“poblaeion”) and the rural population (“barrio”); (b) 
among the groups specified in table 1, the incidence of clinical 
beriberi, with reference to the number of persons examined in 
each group, is highest in “expectant mothers,” then in “nurs- 



TABLE 2 


Incidence of clinical beriberi in Bataan by degree of deficiency and place of residence 


MUNICI- 

PALITY 

“POBLACION” 

(CENTER) 

OR 

“barrio” 

(village) 

frank 

BERIBERI 

suggestive 

BERIBERI 

DOUBTFUL 

BERIBERI 

TOTAL 

Cases 

(a) 

Inci- 

dence 

<b) 

Cases 

(a) 

Inci- 

dence 

(b) 

Cases 

(a) 

Inci- 

dence 

(b) 

Cases 

(a) 

Inci- 

dence 

Cb) 




no. 

% 

no. 

% 

no. 

% 

no. 

% 

Hermosa 

Poblacion 

(22.4%) 

9 

1.69 

17 

3.19 

57 

10.71 

83 

15.60 

(26.95%) 

Barrios 

(31.24%) 

6 

0.78 

15 

1.95 

68 

8.94 

89 

11.58 


Total 


15 

1.15 

32 

2.46 

125 

9.61 

172 

13.23 

Orani 

Poblacion 

(11.39%) 

2 

1.88 

1 

.94 

9 

2.54 

12 

11.32 

(15.88%) 

Barrios 

(16.31%) 

14 

.87 

25 

1.56 

109 

6.83 

148 

9.28 


Total 


16 

.94 

26 

1.53 

118 

6.94 

160 

9.41 

Samal 

Poblacion 

(12.73%) 

3 

.33 

14 

1.56 

65 

7.29 

82 

9.21 

(15.42%) 

Barrios 

(20.86%) 

2 

.27 

11 

1.52 

53 

7.36 

66 

9.16 


Total 


5 

0.37 

25 

1.55 

118 

7.32 

148 

9.18 

Abucay 

Poblaeion 

(25.16%) 

16 

1.26 

44 

3.49 

80 

6.32 

140 

11.07 

(25.02%) 

Barrios 

(24.32%) 

7 

2.91 

10 

4.16 

13 

5.41 

30 

12.53 


Total 


23 

1.53 

54 

3.59 

93 

6.19 

170 

11.30 

Balanga 

Poblacion 

(0%) 









(11.11%) 

Barrios 

(11.11%) 

24 

1.52 

121 

7.93 

225 

14.75 

370 

24.26 


Total 


24 

1.52 

121 

7.93 

225 

14.75 

370 

24.26 

Pilar 

Poblacion 

(88.16%) 

9 

2.27 

12 

3.03 

22 

5.56 

43 

10.88 

(41.18%) 

Barrios 

(34.56%) 

24 

2.31 

48 

4.78 

43 

4.19 

115 

10.75 


Total 


33 

2.18 

60 

3.96 

65 

4.55 

158 

10.69 

Orion 

Poblacion 

(13.78%) 

34 

3.95 

42 

4.88 

31 

3.60 

107 

12.44 

(17.10%) 

Barrios 

(25.0%) 

56 

8.84 

54 

8.23 

25 

3.81 

135 

20.17 


Total 


90 

5.92 

96 

6.34 

56 

3.70 

242 

15.96 

Bagac 

Poblacion 

(64.04%) 

37 

2.86 

19 

1.47 

18 

1.39 

74 

5.72 

(64.04%) 

Barrios 

(0%) 










Total 


37 

2.86 

19 . 

1.47 

18 

1.39 

74 

5.72 

Moron 

Poblacion 

(66.03%) 

o 

.21 

9 

.95 

51 

5.38 

62 

6.54 

(61.37%) 

Barrios 

(44.09%) 

0 

0.00 

1 

.44 

23 

10.13 

24 

10.57 


Total 


2 

.16 

10 

.81 

74 

5.92 

86 

6.73 

Total 

All Poblaciones 









(9 out of 

(21,13%) 


112 

2.26 

158 

3.19 

333 

6.72 

603 

12.17 

12 towns) 

All Barrios 









(22.26%) 

(23.50%) 

133 

1.67 

285 

3.54 

559 

7.03 

977 

12.25 


Total Bataan 

245 

1.99 

443 

3.58 

892 

7.24 

1580 

12.76 


(Numbers enclosed by parentheses indicate % of population examined.) 

(a) Number of cases found in area. 

(b) Per cent incidence in population of area. 
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mg mothers,” “other adults,” “infants,” and “children”; 
(c) however, in relation to the total population of the com- 
munity, the highest incidence of beriberi is in “other adults,” 
followed by “nursing mothers,” then by “expectant 
mothers,” “children” and “infants” (the low incidence in 
infants compared with the high mortality is a reflection of 
the rapidity of fatal terminations in such cases) ; (d) the 
incidence of the various degrees of beriberi follows a uniform 
pattern of distribution among groups; (e) considering the 
total population surveyed by the criteria of dietary deficien- 
cies given by Dann and Darby (’45) and by Gordon (’47), 
the incidence of clinical beriberi in all population groups 
totals 1.99% for frank beriberi, 3.58% for suggestive beriberi 
and 7.24% for doubtful beriberi, or 12.76% for all types; (f) 
analysis of the raw data demonstrates no influence of sex 
outside of the physiological conditions of pregnancy and lac- 
tation; (g) the incidence by towns or municipalities varies 
from 5.72% of the total population surveyed in Bagac to 
24.26% in Balanga, with an average of 12.76% for the total 
population of Bataan. Frank beriberi is lowest in incidence 
at Moron with 0.16% and highest at Orion with 5.92%, with 
an average of 1.99%. Suggestive beriberi varies from 0.81% 
in Moron to 7.93% in Balanga, with an average of 3.58%. 
Clinically doubtful beriberi had an incidence ranging from 
1.39% in Bagac to 14.75% in Balanga, with an average of 
7.24%. 

Frequency of signs and symptoms in clinical beriberi 

The frequency of signs and symtoms by age, physiological 
condition, and degree of beriberi is shown in table 3. A sep- 
arate column of additional symptoms has been provided for 
infantile beriberi. As is noted in the table, the most frequent 
symptoms in infants are aphonia, cyanosis, opisthotonus, and 
purposeless motions. In children, the most frequent signs 
and symptoms are referable to the nervous system; next, to 
the skin, muscles and cardio-vascular system. In expectant 
and nursing mothers the majority of the signs and symptoms 
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TABLE 3 


Frequency of signs and symptoms in clinical beriberi in Bataan by age , physiological condition 

and degree of deficiency 1 


BOD'S 1 REGION OB 
SYSTEM INVOLVED 
■WITH SIGNS AND 

INFANTS 
(0-2 YES.) 
(33) 2 

children 
(2.01-15 YES.) 
(44) 

EXPEOTANT 

MOTHERS 

(239) 


NURSING 

MOTHERS 

(490) 

OTHER ADULTS 
15 YEARS AND 
OVER (774) 

SYMPTOMS 

pi 

S D 

F 

S 

D 

F 

S 

D 

F 

s 

D 

F 

S 

D 

Mouth: 















Cyanosis 

4 

9 

2 



5 

3 


28 

17 


38 

29 

1 

Numbness of lips 






18 

15 

16 

31 

46 

63 

33 

58 

88 

Tremor of tongue 






1 

1 





5 



Gastrointestinal: 















Anorexia 





1 


6 

2 

6 

9 

10 

7 

12 

27 

Vomiting 


2 




2 

1 


9 

2 

1 

6 

2 


Constipation 

1 

1 



1 

4 

8 

11 

8 

21 

30 

17 

22 

49 

Waist tightness 




1 


10 

8 

15 

27 

25 

34 

32 

46 

59 

Cardiovascular : 















Fatigability 



9 

3 

5 

26 

41 

48 

43 

52 

80 

62 

102 

165 

Palpitation 



3 


4 

20 

27 

32 

35 

52 

62 

45 

75 

149 

Tachycardia 






12 

4 


9 

5 


14 

21 

1 

Murmurs 



1 



2 

1 


4 

2 



1 


Enlarged heart 



5 

2 


4 

1 


3 



5 

2 


Edema 



1 



21 

32 


7 

11 


20 

33 

1 

Nervous system: 















Tingling 



6 

5 

14 

33 

59 

88 

61 

101 

222 

80 

192 

351 

Numbness 



14 

7 

18 

37 

58 

97 

66 

113 

254 

89 

203 

398 

Reflex changes 



8 

2 


11 

8 


43 

29 


56 

72 

2 

Paresthesia 








6 

6 

5 

11 

7 

12 

26 

STcin and muscles : 















Pallor 


1 

11 

1 


26 

11 


59 

42 


70 

54 

1 

Tenderness (calf) 



6 

3 

11 

24 

28 

58 

30 

44 

141 

40 

77 

283 

Cramps 



8 

6 

11 

38 

56 

93 

60 

68 

175 

76 

151 

216 

Infantile beriberi: 















Ptosis 

Purposeless motions 

3 














Opisthotonus 

5 














Head drop 

1 














Aphonia 

2 

10 16 














1 F = frank beriberi; S = suggestive beriberi; D — clinically doubtful beriberi. 

2 Number of cases examined. 
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are referable to the cardio-vascular system, tbe nervous sys- 
tem, skin and muscles. In other adults, tbe signs and symtoms 
are more or less uniformly distributed over all tbe organ 
systems involved. 

Deaths and mortality rates from beriberi in 
Bataan Province 

To help in forming a baseline for future assessment of tbe 
influence of artificial enrichment of rice on beriberi mortality 
in Bataan Province, the deaths and mortality rates for this 
disease for the last semester and for the full year of 1947 are 
presented in table 4. Almost two-thirds of reported deaths 
from beriberi in the province of Bataan in the year 1947 
occurred in the second semester coinciding with our survey. 
This is perhaps due in part to the fact that the people of 
Bataan and the Medical Officers of the Bureau of Health 
in that province became more aware of the manifestations 
of beriberi after the survey was started in that province. It 
is noteworthy that as is indicated in table 4 the greatest pro- 
portion of deaths occurred in infants. Infantile death rates 
were 140.1 per 100,000 population for the full year of 1947 
and 91.4 per 100,000 population for the second semester, com- 
pared to total beriberi death rates of 166.5 and 107.7, respec- 
tively. No deaths of expectant mothers from beriberi were 
reported in the year 1947 and there were only 4 deaths of 
nursing mothers, three of which occurred in the second 
semester. 

For purposes of comparison, the 1947 annual mortality rate 
for beriberi for the whole Philippines was 131.68 per 100,000 
population and for the City of Manila, 83.75. The authors are 
of the opinion that official morbidity statistics are not com- 
plete in view of the frequent failure of hospitals and of private 
physicians to report cases of beriberi to the health authorities. 

“Fasting hour ” urinary thiamine analysis 

Hou ( ’39) reviewed the literature describing several studies 
of the 24-hour excretion of thiamine in normal subjects. He 
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and the authors he cited believe that thiamine excretion in the 
urine is dependent upon dietary intake. The figures for daily 
excretions in 24 hours range from 70 to 510 pg in normal 
subjects. In beriberi cases excretion may fall to zero. Some 
data published in 1939 showed 24-hour excretions in normal 
subjects ranging from 60 to 895 pg. Holt and Najjar ( ’43) 
believe that a 12-hour overnight fast should precede the col- 
lection for thiamine analysis of urine accumulated in the 
bladder during the 13th hour only. Hence the term “fasting 
hour excretion test.” Johnson, Henderson, Eobinson and 
Consolazio (’45) studied the comparative merits in field nu- 
tritional surveys of fasting specimens, random specimens and 
oral loading tests. They found that in 46 normal subjects 
with no previous load, the fasting hour excretion is 6 to 24 pg 
of thiamine, with a mean of 11 pg. They are of the opinion that 
fasting levels are more sensitive measures when other tests 
cannot be done and that the fasting rates of urinary excre- 
tion are more sensitive measures of vitamin intake in the 
previous three weeks than the 4-hour oral load tests. In this 
survey the “fasting hour” urinary excretion of thiamine 
after a 12-hour overnight fast was determined by the method 
proposed by Mickelsen, Condiff and Keys (’45). The results 
of the “fasting hour” urinary thiamine excretion test of 
beriberi cases in Bataan broken down with respect to age, 
physiological condition and degree of beriberi are listed in 
table 5. It will be noted that the excretion of thiamine in 
beriberi cases varies from 0 to 7.68 pg in children, from 0 to 
8.34 pg in expectant mothers, from 0 to 8.51 pg in nursing 
mothers, and from 0.62 to 4.06 pg in other adults. The means 
for cases from all population groups were 2.85 pg for frank 
cases, 2.82 pg for suggestive beriberi, and 2.75 pg for doubtful 
beriberi. 

In a study of the “fasting hour” urinary thiamine excre- 
tion of 65 apparently “normal” subjects, the excretion during 
the 13th hour ranged from 0.73 to 20.04 pg, with a grand mean 
of 5.7158 ± 3.725 pg. 



572 SALCEDO, JB., CABJRASCO, JOSE AND VALENZUELA 


Tlie dietary intakes of these cases for a 9-day period were 
recorded by a procedure of keeping dietary records similar 
to that described in Bulletin 109 of the National Research 
Council (’43), and that of Phipard (’44). Under this pro- 
cedure dietary histories are assessed in conjunction with the 
nutritional status of selected subjects. Although according 
to Kruse (’44) it was observed in his surveys that bio- 
chemical methods demonstrated, not the nutritional status, 

TABLE 5 


“ Fasting hour 9 7 urinary thiamine excretion in micro grams of beriberi cases in 
Bataan by age , 'physiological condition and degree of beriberi 1 * 


POPULATION 

GROUP 

FRANK 

5 ERIE 35RI 

SUGGESTIVE 

BERIBERI 

DOUBTFUL 

BERIBERI 

TOTAL OASES 

Mean 

Number 

of 

cases 

Mean 

thiamine 

excretion 

Number 

of 

cases 

Mean 

thiamine 

excretion 

Number 

of 

cases 

Mean 

thiamine 

excretion 

Number 

of 

cases 

thia- 

mine 

excre- 

tion 

Children 3 
(2.01-15 
years) 

13 

fiff 

3.39 

7 

/iff 

2.57 

24 

/ iff 

2.55 

44 

/iff 

1.69 

Expectant 8 
mothers 

43 

4.27 

74 

3.14 

122 

2.53 

239 

2.64 

Nursing 4 * * * 
mothers 

79 

2.32 

120 

2.63 

291 

2.42 

490 

2.41 

Other adults 8 
(15.01 years 
and over) 

105 

2.64 

230 

2.66 

439 

2.88 

774 

2.61 

Total beriberi 

cases 

examined 

240 

2.85 

431 

2.82 

876 

2.75 

1,547 

2.72 


1 Number of cases examined for thiamine not necessarily equal to number of 

beriberi cases. 

3 Minimum value in micrograms — 0.00 (D.B.). Maximum value in micrograms 

— 7.68 (F.B.) . D.B. = doubtful beriberi and F.B. = frank beriberi. 

8 Minimum value in mierograms — 0.00 (F.B.). Maximum value in micrograms 

— 8.34 (F.B.). F.B. = frank beriberi. 

4 Minimum value in micrograms — 0.00 (F.B.). Maximum value in micrograms 

— 8.51 (S.B.). F.B. = frank beriberi and S.B. = suggestive beriberi. 

8 Minimum value in micrograms — 0.62 (F.B.). Maximum value in micrograms 

— 4.06 (D.B.). F. B. == frank beriberi and D.B. = doubtful beriberi. 
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but mainly the nature of the immediate past dietary intake, 
the data gathered from the dietary histories in this survey 
were considered in relation to thiamine excretion. The values 
for calories and for thiamine in the various articles of the 
diet were obtained from the food tables prepared by Concep- 
cion ( ’47). The formula of Williams and Spies ( ’38) of micro- 
grams of thiamine intake divided by calories and the formula 
of Cowgill ( ’39) on the thiamine requirements of individuals 
were used in eliminating 15 of the original 65 apparently 
“normal” individuals. Ten of the 15 subjects so eliminated 
have values of the T/Cal. ratio below 0.25 which, according 
to Williams and Spies, is indicative of clinical beriberi, and 
they also have thiamine intake deficits according to Cowgill ’s 
formula. Five of the 15 subjects showed stray figures. The 
grand mean of “fasting hour” urinary thiamine excretions 
after the foregoing procedure became 6.0828 ± 3.39 Mg. 

It becomes apparent from the foregoing discussion that the 
values obtained for the “fasting hour” urinary thiamine ex- 
cretion in beriberi cases are not diagnostic of the deficiency 
when considered apart from the symptoms and signs char- 
acteristic of the disease. However, the presence of symptoms 
and signs together with low excretions of thiamine (from 0 to 
2 |ag) in the “fasting hour” urine specimen is helpful in the 
diagnosis of beriberi. The present authors see no correlation 
between the excretion of urinary thiamine in the “fasting 
hour” and the severity of beriberi. The writers of this paper 
believe that the dietary history, the physical examination and 
the “fasting hour” urine examination for thiamine should be 
taken together in the diagnosis of beriberi in individuals and 
in the assessment of beriberi incidence in a community. We 
are inclined to agree with Darby (’47) that “inasmuch as 
variability is a fundamental attribute in biology, it becomes 
impossible to fix a single figure as the requirement for a 
substance,” and we may add that it is likewise impossible to 
say that a given figure for a biochemical test, as such tests are 
developed at present, is diagnostic of beriberi. 
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The incidence of clinical beriberi with respect to the thia- 
mine-calorie ratio was studied more in detail by the compu- 
tation of thiamine and calories in a 9-day dietary history of 
beriberi subjects selected at random in Bataan Province. 
The results of this study are shown in table 6. 

There seems to be concentration of cases in the groups 
below Williams and Spies’ (’38) T/Cal. borderline ratio 
of 0.25 in which 68% of all cases, 76% of frank cases and 
80% of suggestive cases occur. 

TABLE 6 

Incidence of clinical ’beriberi with respect to thiamine- calorie (T/Cal.) ratio 


t/CAD. 

OASES 

NO. 


FRANK 

SUGGESTIVE 

DOUBTFUL 

MEAN 

FASTING 

HOUR 

EXCRETION 



no. 

% 

no. 

% 

no. 

% 


0.10-0.149 

7 

1 

14.28 

3 

42.85 

3 

42.85 

2.71 

0.15-0.199 

34 

7 

20.58 

7 

20.58 

20 

58.82 

3.65 

0.20-0.249 

43 

5 

11.62 

10 

23.24 

28 

65.11 

2.41 

0.25-0.299 

21 

2 

9.52 

2 

9.52 

17 

80.95 

3.17 

0.30-0.349 

10 

1 

10.00 

3 

30.00 

6 

60.00 

1.87 

0.35-0.399 

6 

0 


0 


6 

100.00 

2.50 

0.40 up 1 

1 

1 

100.00 

0 


0 


0.61 


1 Last item apparently a stray figure. 


Rearrangement of the series according to an ascending 
order of deviation of actual thiamine intake from Cowgill’s 
theoretical thiamine intake does not reflect any improvement 
on the above results as it involves only an internal shuffling 
of individual groups. In fact, 64.7 % of all cases had no thia- 
mine deficit, using Gowgill’s formula. 


Dietary practices of rice-eaters in Bataan 

To complete the information given in this paper, inquiries 
were made about the dietary practices of rice-eaters in 
Bataan. It is noteworthy that 30% of the subjects studied, 
washed rice twice before cooking, 55% three times, and 15% 
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4 times. All rice washings were discarded by 81% of the 
subjects. 

An impression of the dominance of rice in the prevailing 
dietaries may be gained from the following statements : Two- 
thirds of the families surveyed reported the use of meat only 
once a week; fish was consumed by 90% of the families 6 or 
7 times a week; vegetables of some sort were used, by more 
than half the population, not more than twice a week. 

SUMMAEY 

A clinical beriberi survey was undertaken in the Province 
of Bataan, Philippines, a sub-tropical area with endemic 
beriberi. The clinical survey included “fasting hour” urinary 
thiamine analysis. The population surveyed consisted of 11 
to 64% of the total population in each of 9 of the 12 munic- 
ipalities of the Province. A total of 12,384 persons were exam- 
ined and 1,580 cases of frank or suspected beriberi were 
found, corresponding to 12.7 % of the population. Frank beri- 
beri occurred in 1.99%. 

Beriberi is found in descending order of frequency in “ex- 
pectant mothers,” “nursing mothers,” “other adults,” “in- 
fants,” and “children.” However, the reported mortality 
from beriberi is highest in infants and then in “other adults,” 
there being no deaths of expectant mothers and only a very 
small number among nursing mothers. 

Discussion is presented of the frequency of signs and symp- 
toms of clinical beriberi, of the limited usefulness of the so- 
called “fasting hour” urinary thiamine excretion test, and 
of the dietary practices of rice-eaters in Bataan. 
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LIVER DAMAGE AND GROWTH IN THE RABBIT 
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The rabbit is a potentially valuable experimental subject 
for nutritional research, particularly for the evaluation of 
forages and for the study of some minor-element deficiencies 
that plague the farm animal in many parts of the world. The 
use of the rabbit in such research has been hindered by our 
limited knowledge of its nutritive requirements. Our experi- 
ence has been that rabbits suffer liver injury and subnormal 
growth both when fed a whole-milk-powder diet (fortified 
with iron, copper, manganese, and iodine) and when fed vari- 
ous purified diets. This report is a preliminary investigation 
into the cause and prevention of liver damage and subnormal 
growth in rabbits subsisting on seemingly adequate diets. 

Rich and Hamilton ( ’40) observed liver cirrhosis in rabbits 
fed low-protein diets and reported that daily supplements of 
yeast prevented this damage. The protective factor in yeast 
was not identified, but the diets of the animals studied would 
suggest a deficiency of the labile methyl group. Blumberg, 
Mackenzie, and Seligson ( ’42) reported that the liver damage 
suffered by rabbits on a purified diet containing 10% casein 
was prevented by daily supplements of 300 mg of choline. 
Spellburg and Keeton ( ’40) reported fatty livers in rabbits 
and guinea pigs fed a scorbutigenic diet; they concluded that 
choline, lipocaic, or yeast is ineffective in preventing them. 
Gydrgy (’44) suggested, in his review of experimental he- 
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patio injury, that a deficiency of the labile methyl group is 
not a complete answer to dietary-produced hepatic damage. 
Smith and Ellis ( ’47) observed fatty and cirrhotic livers in 
rabbits fed a whole-milk diet. Unpublished data (Smith, ’44, 
’46) indicated that supplementation of the milk with members 
of the B complex, choline, yeast, or mineral mixtures contain- 
ing Mg, Co, I, B, Cr, Pb, Zn, As, Mo, Y, Se, Br, Be, Ni, Ti 
and F is not effective in preventing the liver damage. 

Smith, Medlieott, and Ellis ( ’44) observed that the growth 
of rabbits fed a whole-milk diet supplemented with Fe, Cu, 
and Mn was only 60% of the growth of comparable rabbits 
fed a stock diet. Hogan and Hamilton (’42) reported that 
rabbits and guinea pigs grew normally on purified diets if 
supplemented with yeast or a water extract of dried liver, 
but that growth was subnormal on such diets supplemented 
with a vitamin mixture. Vivanco and Jimenez (’43) noted 
that the addition of fresh alfalfa enhanced growth and sur- 
vival of rabbits fed a pea-flour and wheat-bran diet. Fresh 
grass has been reported essential in the feeding of breeding 
rabbits (Norfeldt, ’42). 

EXPERIMENTAL 

The experimental animals used in the present study were 
Dutch rabbits bred in our stock colony. When the young 
were two weeks of age the stock diet in the cage w T as replaced 
with whole-milk powder fortified with a mineral mixture con- 
taining iron, copper, manganese, and iodine. The nursing 
dams were moved to another cage for several hours each day, 
where they were fed the stock diet. The restriction of the 
nursing litters to a supplement of whole-milk powder after 
they reached 14 days of age ivas instituted when it w’as ob- 
served (Smith, ’44, ’46) that the incidence of hepatic damage 
was reduced if the experimental animals had access to the 
stock ration in the pre-experimental period. The young were 
weaned at approximately 21 days of age, housed in individ- 
ual wire-screened cages in a controlled-temperature room at 
75°F., and fed the experimental diets ad libitum. All animals 



LIVER DAMAGE AND GROWTH IN RABBITS 


581 


were weighed weekly. At the completion of 70 days on the 
experimental regime, the surviving rabbits were sacrificed 
and the condition of the livers observed grossly. "With the 
exception of the livers from rabbits on Diets 3, 4, 6, 7, and 11, 
all livers were sampled and at least one-half of these samples 
were examined microscopically. Formol fixed frozen sections, 
stained with Sudan IV and Sudan Black, were examined for 
fat infiltration. Sections fixed in Bouin’s or Susa’s fixatives 
and stained with hematoxylin and eosin (Mallory’s or Mas- 
son’s staining technique) were examined for extent of cellu- 
lar damage and infiltration of connective tissue. 

Four experiments were conducted at different times in- 
volving 23 different diets and 177 rabbits. Initially, 9 ani- 
mals were assigned to a diet and, in subsequent trials, 6 
to a diet. The composition of the experimental diets is 
shown in table 1. All supplements were incorporated into 
the diets and the diets stored at low temperatures (-15°C.). 
The aqueous and alcoholic extracts were made at room tem- 
perature with a proportion of one to 8 by weight of dehy- 
drated alfalfa meal and water. The mixture was agitated for 
three hours, then allowed to stand overnight, and filtered in 
a Buchner funnel. The filtrate was concentrated under a 
vacuum with the flask containing the extract in a water bath 
heated to temperatures between 40° to 60 °C. The residues 
were dried in an oven at 70°C. The animals receiving Diet 
1 (whole-milk powder fortified with iron, copper, manganese, 
and iodine) served in each of the 4 experiments as the control 
group for both hepatic damage and growth. To facilitate 
discussion, Diet 1 is designated as the basal diet. The remain- 
ing diets may be divided into those primarily designed to 
study the liver damage (Diets 2 to 12 inclusive) and those 
primarily designed to study growth (Diets 13 to 23 inclusive). 

RESULTS 

Survival on all diets was good, with an overall mortality 
of less than 6%. More than half of the deaths occurred 
on the diets compounded of purified ingredients. In general, 
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TABLE 1 

Percentage composition of diets 1 


DIET NO. COMPOSITION 

1 Milk 2 100. 

2 Milk 100, vitamin supplement. 3 

3 Milk 50, Ruffes 4 15, starch 3 33, minerals 6 2. 

4 Milk 50, Ruffes 15, dextrose 33, minerals 2. 

5 Milk 90, alfalfa 7 9.8, DL-methionine 0.2. 

6 Ruffes 15, starch 40, crude casein 8 20, fat 0 11, yeast 10 10, minerals 4. 

7 Ruffex 15, dextrose 20, starch 20, crude casein 20, fat 11, yeast 10, minerals 4. 

8 Ruffex 15, starch 40, sucrose 10, crude casein 20, fat 11, minerals 4, vitamin supplements 

9 Ruffex 10, dextrin 12 36, vitamin-free casein 12 25, fat 25, minerals 4, vitamin supplement/ 

10 Same as diet 9 plus cholesterol 0.15. 

11 Milk 50, alfalfa 50. 

12 Milk 75, alfalfa 25. 

13 Milk 90, alfalfa 10. 

14 Milk 95, alfalfa 5. 

15 Milk 97, alfalfa 3. 

16 Milk 99, alfalfa 1. 

17 Milk 99.5, alfalfa 0.5. 

18 Milk 97, 14 aqueous extract equivalent to alfalfa 10. 

19 Milk 93, 14 residue aqueous extract equivalent to alfalfa 10. 

20 Milk 99.7, 14 aqueous extract equivalent to alfalfa 1 . 

21 Milk 99 .3, 14 residue aqueous extract equivalent to alfalfa 1. 

22 Milk 99.8, 14 filtrate alcoholic precipitate of aqueous extract equivalent to alfalfa 5. 

23 Milk 98.7, 14 alcoholic precipitate of aqueous extract equivalent to alfalfa 5, 

I All diets were supplemented to contain a minimum of 10 mg Fe, 0.8 mg Cu, and 0.6 mg Mn. 
3 Klim, Borden Company. 

3 Milligrams/100 gm: choline 200, niacin 20, inositol 10, pvridoxine 0.7, thiamine 0.7, ribo- 
flavin 0.7, calcium pantothenate 1.5, biotin 0.25, folic acid 0.25, 2 methyl, 3 phytl, 1,4-4 naphtho- 
quinone 0.075, alpha tocopherol acetate 7.5, crystalline A 0.20, viosterol 40. 

4 Fisher Scientific Company. 

5 Cooked starch. 

6 Osborne and Mendel. 

7 Seventeen per cent dehydrated alfalfa meal, W. J. Small Company, Kansas City, Missouri. 

8 Argentine crude casein. 

9 Primex, hydrogenated vegetable oil, 

10 Anheuser-Busch. 

II Milligrams/100 gm : choline 200, niacin 20, inositol 10, pyridoxine 0.7, thiamine 0,7, ribo- 
flavin 0.7, calcium pantothenate 1.5, biotin 0.25, alpha tocopherol acetate 7.5. 

12 Merck N.F.V. white dextrin. 

13 Labco, Borden Company. 

14 Approximations. 
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the rabbits appeared healthy and thrifty, except those receiv- 
ing Diets 9 and 10. On these two diets the rabbits were notice- 
ably smaller, with rough, shaggy, dull coats and unthrifty 
appearances. 


Liver injury 

The essential observations on the condition of the livers 
of all rabbits surviving the 70-day experimental period are 
noted in table 2. The livers of the 24 surviving animals fed 
Diet 1 showed fatty and fibrous degeneration, characterized in 
the majority of cases by a reddish-yellow color and tenderness 
or slight resistance to probing: in some instances the liver 
was a light yellow in color, possessed a pebbled or “hob-nail” 
surface, and was turgid and hard. Histologically, the picture 
was one of early cirrhosis manifested by degeneration and 
destruction of hepatic cells, a regeneration of liver cells from 
those escaping destruction, a slight connective tissue pro- 
liferation at the portal canal, and an accompanying fatty in- 
filtration of the liver cells (see figs. 1, 2, and 3, Plate 1). No 
ceriod pigment was evident. The histological studies will be 
presented in detail elsewhere. 

The addition to the basal diet of 15% cellulose from rice 
bran, 1 2% salt mixture, and 33% starch or dextrose (Diets 3 
and 4) had no effect on the incidence of hepatic damage. The 
same result was noted when the basal diet was fortified with 
a “complete” vitamin mixture (Diet 2). 

The livers of the animals receiving the diets compounded 
with purified ingredients using yeast as a source of the ac- 
cessory food factors indicated slight fatty and fibrous de- 
generation in 9 of the rabbits, with the livers of 4 of the ani- 
mals apparently normal (Diets 6 and 7). The feeding of a sim- 
ilar purified diet (Diet 8) with a vitamin mixture replacing 
the yeast resulted in all animals suffering liver damage. 

Liver damage was also observed in rabbits receiving a diet 
formulated to approximate the composition of milk powder 

1 1 1 Ruf f ox , 7 ’ Fisher Scientific Co., Pittsburgh, Pennsylvania. 
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TABLE 2 

Summary of results pertaining to liver condition and average body weights and gains of rabbits 


NO. OF ANIMALS BODY WEIGHT 


DIET NO. 

DESCRIPTION 

Initial Final 

LIVER CONDITION 

Final 

Initial 

Gain 1 

I 2 

a 

Milk, 100% 

9 

8 

Fatty and fibrotie 

pm 

800 

pm 

189 

pm 

611 ± 71 

b 


6 

6 

Fatty and fibrotie 

914 

246 

668 ± 112 

e 


5 

5 

Fatty and fibrotie 

820 

268 

552 ± 117 

d 


6 

5 

Fatty and fibrotie 

909 

210 

699 ± 123 

o 

Milk 100% -f vitamins 

6 

6 

Fatty and fibrotie 

956 

211 

745 ± 67 

3 

Milk 50%, Ruff ex, starch 

9 

9 

Fatty and fibrotie 

748 

238 

510 ± 46 

4 

Milk 50%, Ruffex, dextrose 

9 

9 

Fatty and fibrotie 

637 

208 

429 ± 48 

5 

Milk 90%, alfalfa 9.8%, 
methionine 0.2% 

6 

6 

Fatty and fibrotie 

1073 

293 

780 ± 89 

6 

Purified -f- yeast 10% 

9 

7 

5 fatty, 2 normal 

893 

230 

663 ± 32 

7 

Purified -f yeast 10% 

9 

6 

4 fatty, 2 normal 

867 

202 

665 ± 82 

8 

Purified -f- vitamin supple- 
ment 

6 

4 

Fatty and fibrotie 

815 

266 

549 ± 29 

9 

Purified + vitamin supple- 
ment 

6 

6 

Fatty and fibrotie 

561 

172 

389 ± 44 

10 

Piet 9 -f cholesterol 0.15% 

6 

6 

Fatty and fibrotie 

487 

190 

298 ± 64 

11 

Milk 50%, alfalfa 50% 

9 

9 

Normal 

1181 

242 

939 ± 72 

12 

Milk 75%,' alfalfa 25% 

6 

6 

Fatty, fibrotie 

1173 

205 

968 ± 91 

13 

Milk 90%, alfalfa 10% 

6 

6 

Fatty, fibrotie 

1350 

252 

1098 ± 66 

14 

Milk 95%, alfalfa 5% 

6 

6 

Fatty, fibrotie 

1176 

217 

959 ± 82 

15 

Milk 97%, alfalfa 3 % 

6 

6 

Fatty, fibrotie 

1099 

181 

918 ± 82 

16 

Milk 99%, alfalfa 1% 

6 

5 

Fatty, fibrotie 

1259 

225 

1034 ± 61 

17 

Milk 99.5%, alfalfa 0.5% 

6 

6 

Fatty, fibrotie 

795 

204 

591 ± 85 

18 

Milk 97%, water extract 
equiv. to 10% alfalfa 

6 

C 

Fatty, fibrotie 

1037 

288 

749 ± 104 

19 

Milk 93%, residue water ex- 
tract equiv. to 10% alfalfa 

6 

6 

Fatty, fibrotie 

1146 

277 

869 ± 153 

20 

Milk 99.7%, water extract 
equiv. to 1% alfalfa 

6 

6 

Fatty, fibrotie 

975 

252 

723 ± 95 

21 

Milk 99.3%, residue water 
extract equiv. to 1% 
alfalfa 

6 

6 

Fatty, fibrotie 

1114 

255 

859 ± 40 

22 

Milk 99.8%, alcoholic fil- 
trate water extract equiv. 
to 5% alfalfa 

6 

6 

Fatty, fibrotie 

772 

178 

594 ± 76 

23 

Milk 98.7%, alcoholic pre- 
cipitate water extract 
equiv. to 5% alfalfa 

6 

6 

Fatty, fibrotie 

1007 

234 

973 ± 58 


1 With standard errors. 

2 Statistical comparisons with respect to gains in body weight: ** Highly significant 
(P <0.01); * significant (P < 0.05), (For detailed discussion sec text.) : 

Piet la with diets 3, 4, 6, 7, and 11** 

Piet lb with diets 8 and 13** 

Piet lc with diets 18 and 19 

Piet Id with diets 2, 9, 10, 12, 14, 15, 16% 17, 20, 21, 22, and 23 
Piet 8* with diet 9 
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in its content of protein, carbohydrate, and fat, and supple- 
mented with a vitamin mixture (Diet 9). When 0.15% cho- 
lesterol was added to this diet (Diet 10), the severity of the 
hepatic damage was not affected. 

When Diet 1 was supplemented with dehydrated alfalfa 
meal at the 50% level, liver damage was not observed (Diet 
11). No protection from liver damage was afforded the ani- 
mal if this level of supplementation with alfalfa meal was 
reduced to 10% (Diet 13) or to 25% (Diet 12). 

Methionine (0.2%) exhibited no lipotropic action according 
to histological evidence when added to the basal diet contain- 
ing approximately 10% dehydrated alfalfa (Diet 5). 

Growth 

In table 2, the average initial and final live weights and 
the average gain in body weight with its standard error are 
given for the surviving rabbits on all diets studied. Since 
the various diets were studied in 4 different experiments 
with a control group of animals receiving Diet 1 in each ex- 
periment, the average data for the control groups are given 
separately as Diet la, b, c, and d. Statistical comparisons 
were made only within experiments. As may be noted from 
the standard errors, the individual variation within groups, 
particularly those fed Diet 1, is large. Random breeding re- 
sulting in variable weaning weights and growth potentials 
was a contributing factor to the variation within the groups. 
The greater variability on the basal diet may be accounted 
for by the fact that severe liver damage occurred in one or 
two individuals in each of the groups on Diet 1. Apparently 
incipient liver damage does not affect growth under our ex- 
perimental conditions, but the progression of this damage 
to a cirrhotic condition does influence growth. In the 24 
surviving rabbits which received Diet 1, 6 were observed to 
to have suffered severe liver damages and all 6 showed either 
a decreased growth rate or a cessation of growth and a loss 
of body weight. 
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Although the obvious corrective action for large variability 
is to increase the number of animals, it was felt that in pre- 
liminary studies of this nature with a limited number of ani- 
mals statistical precision could be sacrificed in favor of a 
more comprehensive survey and study of the nutritional 
abnormalities encountered in the rabbit subsisting on a diet 
of min eral iz ed whole milk powder. Statistical significance 
was dete rmin ed by the “t” value as calculated from the body 
weight differences and their standard errors. Odds greater 
than 19 : 1 are accepted as being significant, and odds greater 
than 99:1 are considered highly significant. 

The addition of 50 and 10% supplements of alfalfa meal 
to the basal diet (Diets 11 and 13) resulted in a highly sig- 
nificant increase in body weight when compared to the gain 
in body weight of the respective control animals (Diets la 
and lb), but only the 50% supplement prevented liver dam- 
age. When dehydrated alfalfa was fed at a level of 1% (Diet 
16), a significant increase in body weight was observed when 
compared to the gains made by the rabbits receiving Diet Id. 
The supplementation of the basal diet with alfalfa at levels 
of 25, 5, 3, and 0.5% (Diets 12, 14, 15, and 17) did not result 
in significantly increased gains as compared with gains made 
by the control animals (Diet Id). If the 24 rabbits receiving 
the basal diet are treated statistically as a group (the average 
gain and its standard error would be 631 ±49), all supple- 
ments of alfalfa meal with the exception of Diet 17 (0.5% 
alfalfa) resulted in a highly significant increased gain in 
body weight. 

The feeding of water extracts and their residues as sup- 
plements to the basal diet at levels equivalent to 10 and 1% 
alfalfa (Diets 18, 19, 20, and 21) did not significantly stim- 
ulate growth when compared with the growth obtained in the 
respective control groups (Diets lc and d). The supplementa- 
tion of the basal diet with the filtrate and residue of an 80% 
alcoholic precipitation of an aqueous extract of alfalfa at 
a level equivalent to 5% alfalfa (Diets 22 and 23) did not 
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result in a body gain significantly greater than that of the 
control group (Diet Id). 

The significantly greater gain in weight of the animals fed 
Diet 8 compared to the body gain of the rabbits fed Diet 9 is 
of interest. Both diets were formulated from purified ingred- 
ients and supplemented with vitamin mixtures. 

DISCUSSION 

The results presented here (Diets 2, 5) indicate that the 
hepatic damage suffered by rabbits fed solely on a mineral- 
ized milk diet is not caused by a deficiency in this diet of the 
known members of the vitamin B complex, of the fat-soluble 
vitamins, or of the labile methyl group. That the liver dam- 
age is not caused by lack of roughage or by toxic constituents 
in the milk is indicated by a comparison of Diets 3, 4, and 
11. In each of these diets milk made up to 50% of the mixture, 
yet the animals fed on Diets 3 and 4 suffered liver injury 
whereas the livers of the rabbits receiving Diet 11 were nor- 
mal. Several authors have reported that liver damage may 
be produced in the rabbit by feeding cholesterol (Chalatow, 
’14; Baily, ’16). However, the inclusion of cholesterol in a 
purified diet at a level comparable to the cholesterol concen- 
tration in whole-milk powder failed in the present case to in- 
crease the severity of the liver damage. 

According to our results, then, dehydrated alfalfa seem- 
ingly contains an unidentified liver-protecting substance, but 
this protective substance seems to be present in relatively low 
concentrations since a 10 or 25% “alfalfa-milk” diet does not 
prevent liver damage. 

We have also observed that the inclusion of 10% yeast 2 
in purified diets partially protected the rabbit from liver 
damage. Rich and Hamilton (’40) reported that 5gm of 
brewers’ yeast fed daily as a supplement to a low-protein 
diet prevented the development of cirrhotic livers in rabbits. 
Spellburg and Keeton ( ’40) found that guinea pigs and rab- 


2 Anheuser-Busch. 
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bits suffered fatty degeneration of the liver on 30% whole- 
milk diets, but that yeast 3 was not protective at the 1% level. 

The observation (Smith, ’44- ’46) that if the experimental 
animal was permitted to consume stock ration before wean- 
ing, liver damage was not invariably produced on the milk 
diet suggests that either (1) the animal was able to store suf- 
ficient quantities of the factor before being placed on the 
milk diet, or (2) a bacterial flora favorable for the production 
of the factor was well established in the brief pre-weaning con- 
sumption of stock ration. In our studies, the addition of dex- 
trose or starch to the milk diet had no effect on the observed 
liver damage, nor did the formulation of purified diets with 
various carbohydrates. 

Also of interest in connection with the problem of liver 
damage, produced by dietary means, which does not respond 
to the recognized lipotropic factors are the reports of Schwarz 
(’44a, ’44b). This author observed liver damage in rats fed 
purified diets containing alkaline-washed casein which could 
be prevented by supplements of wheat germ oil, cream, sun- 
flower seed oil, total lipids of adrenal gland, xanthine, or a 
20-fold increase of alpha tocopherol over the normal require- 
ment. Other workers (Forbes, ’39) have reported that xan- 
thine and xanthine-containing preparations prevent liver 
damage in rats subjected to carbon tetra-chloride poisoning. 

The increase in body weight of young rabbits fed a basal 
milk diet is markedly stimulated with supplements of dehy- 
drated alfalfa meal at a level as low as 1%. Kohler, Elvch- 
jem and Hart (’36, ’37) report increased growth in rats fed 
a “winter milk” diet supplemented with fresh grass, dried 
grass, or grass juice. These workers have also shown that 
dehydrated grass or grass juice is essential for the nutrition 
of the guinea pig fed a “winter milk” ration (Kohler, Elveh- 
jem, and Hart, ’38; Kohler, Randle, Elvehjem, and Hart, ’39). 
It seems possible that the growth factor in dehydrated grass 
and grass juice essential in the nutrition of the rat and guinea 
pig is also necessary in the nutrition of the rabbit. Our fail- 

3 Fleischmau \s. 
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ure to extract with water the growth factor from dehydrated 
alfalfa in appreciable quantities is in agreement with the 
findings of Kohler, Randle, and "Wagner (’39), who reported 
that the “grass juice factor” could not be extracted from 
dehydrated grass with water. 

The differences in the growth-promoting properties of the 
purified diets varying in their contents of protein, carbo- 
hydrates, fat, roughage, vitamin supplements, and source of 
casein suggest the existence of another nutritional factor 
required by the rabbit. Since animals receiving the diet fur- 
nishing more protein and energy per gin of food and larger 
vitamin supplements gained the least in body weight, it 
would seem unlikely that the differences in composition and 
in vitamin supplements account for the differences in body 
gains. The protein of the diet associated with the larger 
gain in body weight was crude casein, while the protein of 
the other diet was a purified vitamin-free casein. This sug- 
gests that crude casein contains a factor essential for the 
nutrition of the rabbit. This postulated rabbit-growth factor 
in crude casein may be similar to strepogenin, which is re- 
ported to be a growth factor for the guinea pig (Wooley and 
Sprince, ’45), and for which crude casein is a more potent 
source than purified casein ; or, more likely, it may be similar 
to the animal protein factor said to be essential for normal 
growth in the rat (Cary et ah, ’46) and in the chick (Coombs, 
’47). 


SUMMARY 

A diet of whole-milk powder (fortified with manganese, 
copper, iron, and iodine) is inadequate for the rabbit in at 
least two respects. Growth is subnormal and the livers are 
fatty and cirrhotic. Large amounts (50%) of dehydrated 
alfalfa meal are needed to prevent liver injury, while only 
small amounts (1%) are needed to stimulate the growth rate. 
Experiments involving 23 diets and 177 animals indicate that 
milk does not contain a toxic factor responsible for these 
results, and that the results are not due to the lack of rough- 
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age or of any of tire known fat- and water-soluble vitamins 
or of the labile methyl groups. Preliminary attempts to ex- 
tract the growth-promoting factor from alfalfa with water 
were unsuccessful. 

Purified diets when supplemented with a complete vitamin 
mixture offered no protection against liver damage, hut when 
supplemented with yeast offered partial protection. In these 
diets crude casein produced better growth than purified ca- 
sein, indicating the need of the rabbit for a third factor, pos- 
sibly similar to the “animal-protein factor” of Cary et al. 
(’46) and Coombs (’47). 
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PLATE 1 

EXPLANATION OF FIGURES 

Photomicrographs of damaged liver sections fixed in Susa’s fixative, sec- 
tioned, and stained with hematoxylin and eosin. 

1 This picture shows the slight proliferation of connective tissue originating 
at the portal canal as usually seen in the damaged livers (apprix. 60 X ) . 

2 The light areas indicate hepatic cell destruction accompanied by the infil- 
tration of connective tissue (approx. 120 X). 

3 The vacuolated appearance of these hepatic cells indicates the areas from 
which fat was removed in the preparation of the tissue for sectioning and stain- 
ing (approx. 600 X). 
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THE RELATIVE BIOLOGICAL VALUES OF 
THE PROTEINS IN CEREAL GR AIN S 1 

BARNETT SURE AND FRANCES HOUSE 
Department of Agricultural Chemistry , University of Arkansas, Fayetteville 

(Received for publication May 29, 1948) 


Mitchell (’24a) found that on the same level of protein 
intake (5%) the proteins in whole brown rice are superior to 
those in corn and oats. Recently, while engaged in studies of 
the influence on growth and protein utilization of additions 
of small amounts of cultured food yeasts to the proteins in 
cereal flours and cereal grains, it was observed that, on the 
same protein level in the rations (5.8%) the proteins in pol- 
ished rice are far superior to those in enriched milled wheat 
flour (Sure, ’46, ’47), as evidenced from gains in weight per 
gm of protein intake. 

The purpose of this investigation was to determine the rela- 
tive biological values of the proteins in rice, wheat, rye and 
corn, in both the milled and umnilled states 2 . Because of the 
low nitrogen content of rice, it was necessary to feed these 
cereal grains in such proportions as to introduce into the 
rations a total of not more than 5% of proteins. 

Research paper No. 863 Journal Series, University of Arkansas. Published 
with the approval of the Director of the Arkansas Agricultural Experiment 
Station. 

3 The whole wheat, whole rye, and milled rye were furnished by General Mills, 
Inc., Minneapolis, Minn. The whole corn and milled corn (white table meal) 
were furnished by the Staley Manufacturing Co., Decatur, 111. The whole brown 
and milled or polished rice was obtained from the Walton Bice Mills, Stuttgart, 
Ark. The milled wheat was Gold Medal (General Mills, Inc.) enriched flour, 
and the rolled oats were a Quaker Oats oatmeal product. 
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The biological values of the proteins of the cereal grains 
were deter min ed by the nitrogen balance method (Mitchell, 
24b, ’44), in which the values are generally expressed as the 
per cent of absorbed nitrogen retained by the animal. Wistar 
strain albino rats were used and in all groups the sexes were 
equally divided. The ration fed was a modification of the 
one suggested by Mitchell and Hamilton, 3 which had the 
following percentage composition: Cellu flour, 2; lard, 10; 
Sure’s salts no. 1 (Sure, ’41), 4; cod liver oil, 1.5; wheat 
germ oil, 0.5; enough cereal grains to furnish 5% protein; 
and the balance, cerelose. The following components of the 
vitamin B complex were administered daily to each animal 
separately from the ration : 50 Mg each of thiamine, riboflavin, 
pyridoxine, and nicotinic acid ; 300 Mg calcium pantothenate ; 
9 mg choline chloride ; 6 mg p-aminobenzoic acid, and 2 mg 
inositol. 

The nitrogen metabolism experiments were generally con- 
ducted on 24 animals, 12 males and 12 females, so that using 8 
animals for each group, it was possible to study three cereal 
grains at one time. However, occasionally the results on one 
or two rats deviated so much from the rest of the group that 
it was necessary to eliminate such data from the averages; 
hence, data in some cases are shown for 6 animals. In the 
case of the rice experiments, it was necessary to use more ani- 
mals in order to obtain reliable average figures. 

Urinary and fecal balances were carried out for 7 days on 
an egg standardizing ration and 7 days on the experimental 
rations containing the various cereal grains. In each case 
the animals were allowed to get accustomed to consuming 
the entire rations for a pre-test period of from three to 5 
days before the beginning of the nitrogen balance studies. 
The percentage composition of the egg ration is as follows: 
Dried defatted whole egg, 5.8; cellu flour, 2.0; Sure’s salts 
no. 1, 4; cod liver oil, 1.5; wheat germ oil, 0.5; lard, 10.0; 
and cerelose, 76.2. The dried whole eggs were defatted 
by repeated extractions with large volumes of petroleum 

3 Personal communication. 
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ether at room temperature. The defatted dried whole eggs 
contained 69.2% protein and furnished 4.0% protein in the 
ration. Feces markers were used. The fiber contents of the 
diets were not equalized.* However, the slight errors pro- 
duced in measurements of fecal nitrogen excretions by neglect 
to balance the fiber contents of the standardizing diet and 
the test diets would be approximately the same for all the 
milled cereal grains and all the whole cereal grains, and would 
not influence findings as to the comparative biological values 
of the milled and unmilled cereal grains fed at the 5% protein 
level. 

Our findings are summarized in table 1. It is evident from 
this table that when the milled cereal grains are fed as the 
only sources of proteins in the ration, at a 5% level of pro- 
tein intake, the milled corn (as sold in grocery stores under 
the name of “table meal”) is by far the poorest source and 
the milled rice is the best. There are no marked differences 
in the protein values of the milled wheat and milled rye. 
The net protein utilization values of the whole cereal grains 
are very similar. It will be noted that although the animals 
which received the whole corn as the only source of protein 
in the ration consumed about 40% less food than those which 
were fed the milled table meal, they utilized their proteins 
over twice as well. It would appear, then, that from the pro- 
tein standpoint, the corn receives too drastic treatment in the 
course of being milled. Apparently too many bran layers, 
which carry lysine and tryptophane, the amino acids most 
deficient in the corn kernel (Mitchell and Smuts, ’32), are re- 
moved. Recently it was demonstrated that the proteins in 
table corn meal are materially improved by the addition of 
such amino acids (Sure, ’48). 

As a control experiment, the biological value of lactal- 
bumin, 4 was determined at a 5% protein level. The true di- 
gestibility was found to be 100%, and the biological value, 
93.0% ; therefore, the net utilization was also 93.0. 


4 Borden. 



TABLE 1 

The relative biological values of the proteins in cereal grains fed at a 5°fo level of protein intake 
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1 N = Nitrogen. 

2 Per cent of absorbed nitrogen retained in the body. 

3 The value for the true coefficient of digestibility multiplied by the biological value, divided by 100. 

4 Numbers in parenthesis indicate the number of animals used in the nitrogen balance experiment. 
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The results submitted in this paper are in harmony with the 
observations of Osborne and Mendel ( ’20), who reported that 
there were no notable differences in growth of albino rats 
when the entire oat, rye, and wheat kernels, were used as the 
only sources of protein in their rations ; and are also in agree- 
ment with the recent findings of Jones, Caldwell, and Wid- 
ness (’48), who found from growth experiments that at the 
low 4,5% protein level, corn, hard wheat, soft wheat, barley 
and rice in the milled state showed essentially the same values 
The higher biological values for whole or brown rice than 
for milled or white rice are in agreement with the results of 
Kik (’32) but not in accord with those of Jones and associ- 
ates (’48). As the protein level is decreased, the efficiency 
of protein utilization is increased; hence our results on bio- 
logical values for the proteins in all the whole cereal grains 
are higher than are reported in the literature concerning 
corn, wheat, and rye, which have been studied for 8 and 10% 
levels. 

Since corn is used widely as a source not only of calories 
but also of protein and vitamins by people of low income 
levels in the South, it would seem that there is a need for 
undermilling of corn, at least to the extent practised with 
wheat, rice, and rye, so as to leave in the milled product pro- 
teins of considerably higher biological value. 

SUMMARY 

The biological values of milled and whole cereal grains, 
fed at a 5% protein level, were determined by the Mitchell 
( ’24b, ’44) nitrogen balance method. The protein utilization 
for the milled cereal grains was as follows: Eiee, 75.1; wiieat, 
60.0 ; rye, 63.1 ; and corn, 32.0. The findings for the ■whole cer- 
eal grains were: Rice, 80.0; wheat, 76.1; rye, 73.2; corn, 78.8; 
and rolled oats (oatmeal), 75.6. 
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Tlie deficiency syndrome in young rats caused by lack of 
pteroylglutamie acid (PGA) was first described by Black, 
McKibbin and Elvelrjem (’41). Later, Spicer, Daft, Sebrell 
and Asliburn (’42) made a detailed study of this deficiency, 
showing that it is characterized not only by a cessation of 
growth but also by leukopenia, granulocytopenia, bone mar- 
row hypoplasia and, occasionally, anemia. These same inves- 
tigators observed that the blood dyscrasia and cessation of 
growth can be largely prevented or successfully treated with 
whole dried liver extract or with certain fractions of liver 
extract. Today, these substances are known to contain ap- 
preciable amounts of PGA. 

In order to induce PGA deficiency in the rat, it is necessary 
to feed succinvlsulfathiazole (SST) or some other inhibitor 

1 Published with the approval of the Director of the School of Tropical 
Medicine and the Director of the Agricultural Experiment Station of the Uni- 
versity of Puerto Rico. A cooperative project. 

2 A preliminary report of this investigation was presented by the author 
at the meeting of the American Federation of Biological Societies held at 
Atlantic City, March 15-19, 1948. 
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together with the deficient diet, thus depriving the animal 
of the PGA that is known to he synthesized by its normal 
intestinal mieroflora. 

The present paper is concerned with the determination of 
the pteroylglntamic acid level necessary to restore normal 
growth, w r hite cell count, and spleen morphology to PGA- 
depleted rats. 


EXPERIMENTAL 

One hundred and fifty-three 21-day-old Wistar albino rats 
from our colony were kept in cages with raised wire floors, 
three to a cage. The basal purified diet free of PGA fed ad 
libitum to these animals had the following composition per 
kg: sucrose, 599 gm; vitamin-free casein, 3 180 gm; salt mix- 
ture, 4 40 gm ; eellu flour, 40 gm ; hydrogenated vegetable oil, 5 
100 gm; corn oil, 6 20 gm (containing 52,000 I.TJ. vitamin A, 
33,000 I.TJ. vitamin D, and 32 mg tocopherol) ; succinylsul- 
fathiazole, 20 gm; choline chloride, 1 gm; inositol, 8 mg; 
nicotinic acid, 40 mg; calcium pantothenate, 44 mg; thiamin e 
hydrochloride, 8 mg; riboflavin, 16 mg; pyridoxine hydro- 
chloride, 8 mg; p-aminobenzoic acid, 4 mg; biotin, 1 mg; 7 
2-methyl-l,4-napthoquinone, 10 mg. 

As far as we have been able to determine, 8 our rat colony 
• is free from Bartonella parasites. 

“General Bioehemicals, Inc. 

4 Sodium chloride, 4.35%; magnesium sulfate, 13.70%; sodium biphosphate, 

8.72%; potassium phosphate (K 2 HP0 4 ), 23.98%; calcium biphosphate 

CaH 4 (P0 4 ) 2 H 2 0, 13.58%; ferric citrate (U.S.P. reagent, 17.5%, Fe), 2.97%; 
calcium lactate, 32.70%. 

5 Spry. 

6 Mazola. 

7 Provided by Dr. Elmer L. Sevringhaus of Hoffman-La Koche, Inc., Nutley, N. J. 

8 Smears of the blood of several animals, taken at random, were made at dif- 
ferent intervals after splenectomy. In not a single case under observation were 
Bartonella parasites found in the blood. These animals were kept for sevei-al 
months and all of them gained weight at a normal rate. Their hemoglobin 
and red cell values were always within normal limits. Our thanks to Prof. William 
II. Taliaferro for examining the blood smears. 
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RESULTS 

Induction of deficiency 

The 21-day-old animals gained weight at a diminishing 
rate for three consecutive weeks and finally, between the third 
and 4th weeks on the basal diet, ceased growing altogether. 
Up to the third week all animals survived, but by the end 
of the 4th week only 91.2% of the initial number remained 
alive. At this time the average white cell count of the sur- 
viving animals was 3,635 cells per mm 3 , and all the rats 
began suffering from alopecia with an average rating of 2.7. 9 
Brownish cake formations on the ears, nose, and paws, as well 
as very soft feces, were characteristic conditions observed in 
practically all the depleted animals. 

The average initial weight (21 days old) of the whole group 
of rats used was 32 gm (the group was composed of 81 males 
and 72 females), while the average weight of the 91.2% 
which survived the 4-week depletion period was 59 gm. 

When autopsy was performed on the 24 animals that died 
between the third and 4th weeks, the only gross pathology ob- 
served in all was a yellowish distended intestine; infarcts 
appeared in the spleen of 73.5%. 

Responses to different levels of pteroyl glutamic acid 

Every depleted animal was placed in an individual cage, 
after which 6 groups were formed of approximately the same 
numbers of males and females. One group did not receive 
the PGA supplement and served as a negative control group, 
while the other 5 were given, 6 times per week, in a separate 
dish, different levels of PGA in the form of its sodium salt. 

The supplementation period lasted 5 weeks; that is, from 
the time the animals were 7 weeks old, when they were fully 
depleted, to their 12th week of growth. Weekly records were 
kept of their weights and of the food consumed. Before the 

9 We used the following alopecia rating: Normal — 1; mild alopecia — 2j 
severe alopecia — 3 ; total alopecia — 4. 
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supplement was started, white cell counts were performed in 
all. These counts were repeated at the end of the 5-week 
experimental period or as soon as an animal showed signs 
of impending death. Autopsies were performed in all animals. 
Again, the only gross pathology consistently observed in the 
negative controls, and in the rats receiving suboptimal levels 
of pteroylglutamic acid, was the presence of splenic infarcts 
and of a distended intestine of a yellowish color. Records 


TABLE 1 

Effects of various levels of pteroylglutamic acid (PGA) on depleted rats 
(5-week supplementation period) 


PGA 

SUPPLEMENT 

NUMBER AVERAGE 
OP TIME OF 

ANIMALS SURVIVAL 

AVERAGE 
GAIN OR LOSS 
IN WEIGHT 

AVERAGE 

average 

roviirirFn GAIN 0R LOss 

OONSUMED IN XfEUKO- 

ANIMAL 

PER LAY 

AVERAGE 
INCIDENCE 
OP IN- 
FARCTS IN 
THE 
SPLEEN 

AVERAGE 
DEGREE 
OF 
ALO- 
PECIA AT 
DEATH 1 

M 

None 

(negative) 

(controls) 

56 

days 

5.0 

gm 

— 9.0 

gm 

1.6 

cells /mm/ 1 

— 1755 

% 

81.8 

3.0 

0.25 

13 

25.2 

4- 21.0 

4.0 

— 457 

50.0 

3.3 

0.50 

17 

33.0 

-f 28.0 

4.0 

4- 72 

66.0 

2.4 

1.25 

20 

29.7 

4- 53.0 

4.5 

4- mo 

5.0 

3.6 

5.00 

16 

34.5 

+ 79.0 

6.8 

4 3955 

0 

3.5 

20.00 

7 

35.0 

+ 106.0 

8.5 

4 7050 

0 

1.0 

Alopecia rating: 

normal = 

= 1 j mild alopecia = 2 

; severe = 

3 ; total = 

= 4. 


were kept of the degrees of alopecia observed in the different 
groups of animals. In table 1 we have summarized the results 
of this experiment, and figure 1 shows the corresponding 
growth curves. 

The negative controls lived for an average of 5 days, losing 
only 9 gm of weight in that time. Prior to death, their average 
white cell count was 1,880 cells per mm 3 , that is, 1,755 cells 
less than at the start of the supplementation period. The inei- 
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dence of infarcts in the spleen in the negative controls was 
81.8%. All of them showed a severe alopecia. 

_ Although the group receiving 0.25 pg of PGA lost a con- 
siderable number of white cells during the supplementation 
period, they did show some positive growth. They also had 
a high incidence of infarcts in the spleen and their alopecia 
index was higher than that of the negative controls, probably 
owing to the fact that they survived for a longer period of 
time and could thus develop a more severe alopecia. 



Fig. 1 Growth curves of PGA-depleted rats which received different levels 
of PGA 6 times per week for a period of 5 weeks. 

The animals which received 0.5 pg of PGA made better 
gains in weight than those on 0.25 pg and gained few leuko- 
cytes during the supplementation period. The incidence of 
infarcts in the spleen was higher in this last group. On the 
other hand, the period of survival lasted 33 days while those 
on 0.25 pg of PGA survived for 25.2 days only. 

The next group, on 1.25 pg PGA, gained 53 gm during the 
5-week supplementation period — a better, but still subnormal, 
gain. However, they exhibited a very significant decrease 
in the incidence of infarcts; only one animal out of the 20 
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which composed the group, or 5%, showed this pathology. 
This level of PGA induced some tangible regeneration of the 
white cells, but at a subnormal rate. For this reason, at the 
end of the supplementation period, these animals were still 
suffering from leukopenia, as their average white cell count 
of only 5,345 cells per mm 3 showed. 

The next group received 5 Mg of PGA and were found, 
according to our standards, in a normal condition at the end 
of the 5-week supplementation period. Their weight gains 
as well as their white cell counts were within the lower limits 
of what w r e consider normal growth and normal leukocyte 
counts for animals of that age in our rat colony. None of the 
animals in this group suffered from infarcts in the spleen. 

As can be seen in table 1, the rats fed 20 Mg of PGA were 
completely normal at the end of the supplementation period. 

Food intake 

As the negative controls consumed only 1.6 gm of basal 
ration per day, the thought could not be discarded that the 
infarcts observed in the spleens of these animals might be the 
result of some secondary lack, induced by the small intake 
of food rather than by the PGA deficiency per se. This was 
partially ruled out by the fact that in the case of the animals 
on 0.25, 0.5 and 1.25 Mg of PGA the incidence of infarcts in 
the first two groups was above 50%, while in the last group 
it was only 5% even though the intake of food was almost 
identical in the three groups ; that is, 4, 4, and 4.5 gm of basal 
diet per day, respectively. However, to rule out completely 
the possibility that the low intake of basal diet was responsible 
for the infarcts observed, we put 6 depleted animals on 5 pg 
of PGA 6 times per w r eek but restricted their basal diet intake 
to only 2 gm daily. These animals lost weight, the average 
loss being 27 gm, but all survived the maximum length of 
time that the negative controls had lasted, namely two w r eeks. 
The white cells rose to such a level that the animals had a 
normal count at the end of two weeks on the supplement. 
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The average gain in leukocytes was 4072 cells per mm. 3 The 
animals were in good condition as regards cleanliness and 
activity. None showed lesions either in the spleen or any- 
where else at autopsy 16 days after supplementary feeding 
was started. This was a very different picture, indeed, from 
that observed in the negative controls, which were con- 
sistently clumsy, slow, untidy, and suffered from a severe 
leukopenia and a high incidence of infarcts in the spleen. 
Both groups, however, exhibited severe alopecia. For the 
experimental group the average degree of alopecia at the end 
of the experiment was 3. 

Splenic infarcts 

None of the animals which received 5 |jg, or more, of PGA 
per day showed infarcts in the spleen at the time they were 
sacrificed; that is, after receiving the supplement for 5 con- 
secutive weeks. However, as 73.5% of the rats which died 
between the third and 4th weeks of depletion developed in- 
farcts in the spleen, it is logical to conclude that a high per- 
centage of the animals surviving the 4th week of the depletion 
period were already suffering from such lesions. This was 
partly confirmed by examining the spleens of 6 depleted rats 
that appeared very active and lively at the end of the 4th 
week. These animals were sacrificed and infarcts found in 4, 
while the spleens of the remaining 2 appeared normal. As it 
is possible that a high percentage of the depleted animals 
were suffering from infarction at the time supplementary 
feeding began, one cannot discard the possibility of regen- 
eration taking place in the spleens of some of these animals 
during the supplementation period. Bloom and Taliaferro 
(’38) have reported complete regeneration of infarcts in the 
spleens of canaries caused by heavy infection with P. cathe- 
inerium. In order to confirm fully this indirect observation 
made by us on rats, we are now conducting experiments in 
which we are endeavoring to ascertain, by laparotomy and 
by microscopical examination of the tissues, whether regen- 



608 


CONRADO F. ASENJO 


eration lias taken place in the spleens of depleted animals 
treated with PGA. 

The infarcts (see fig. 2) found in the spleens of animals 
suffering from PGA deficiency can be classified into three 
general groups: (1) Total infarction, where all of the organ 
has been affected; (2) multiple surface infarcts, in which 
small concentrated areas of infarction can be seen distributed 



Fig. 2 Severely infareted spleen from a rat suffering from PGrA deficiency. 
Two and f times natural size. 


through the surface of the organ; (3) terminal infarcts af- 
fecting either one end or both ends of the spleen. 

Multiple surface infarcts were the most common of the 
three, while complete infarction was not seen very often. The 
character and intensity of infarction observed in the individ- 
ual animals did not seem to depend on the level of PGA admin- 
istered, as all three types of infarcts were observed in the 
negative controls as well as in the animals receiving sub- 
optimal levels of PGA. Although PGA did not seem to in- 
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TABLE 2 

Weights of the spleens of normal and of PGA-deficient rats 



SPLEENS WITHOUT INFARCTS 

SPLEENS WITH INFARCTS 

No. of 
spleens 

Ave. 
weight 
of spleen 

Wt. of 
spleen 
per 

body wt. 

No. of 
spleens 

Ave. 
weight 
of spleen 

Wt. of 
spleen 
per 

body wt. 

Normal animals 
(8 weeks old) 

65 

gm 

0.5371 

gm 

0.0048 


gm 

gm 

Normal animals 
(3 to 4 weeks old) 

5 

0.1919 

0.0046 




Depleted rats receiving 
as supplement 5 fig 

PGA per day, but 
with the basal diet re- 
stricted to 2 gm per 
day (9 weeks old) 0 

0.1639 

0.0036 




Depleted animals re- 
ceiving as supple- 
ment an average of 
0.5 fig PGA per day 
(9 to 18 weeks old) 

10 

0.1449 

0.0018 

6 

0.1422 

0.0025 

Negative control 
animals (7 to 9 
weeks old) 

13 

0.0820 

0.0019 

34 

0.1342 

0.0031 


fluence the type of infarct developed, it had a decided in- 
fluence on infarct prevention and also, possibly, on its cure, 
as has been already pointed out. 

Histological examination 10 of the spleens of rats with in- 
farcts revealed the necrotic portions of the spleen to be 
sharply demarcated from the more normal but intensely con- 
gested parts. In many of the sections, the splenic veins were 
occupied by material that probably represented a thrombus. 

Splenomegaly was rarely encountered. Table 2 summarizes 
the data on spleen weights of normal and deficient animals. 

10 We are indebted to Dr. Enrique Koppisch, of the Department of Pathology 
of the School, for the histological examination of the spleens. A detailed report 
of the histopathology of the rat in PGA deficiency is being prepared and will 
be published elsewhere by Koppisch et al. 
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The weight of the spleen computed per unit weight of animal 
also appears in this table. 

The total weight of the spleen, or its weight per unit weight 
of animal, was much higher in the case of normal animals 
than in the case of deficient ones. The average deficient 
animal suffered from atrophy of the spleen. This condition 
was more noticeable in the case of those negative controls 
which did not develop infarcts than in those whose spleens 
suffered from this lesion. 

Induction of spleen infarction by methyl folic acid 11 

The basal diet used in this part of the present experiment 
had a composition similar to that of the previous ration, except 
that for the 2% of SST was substituted 0.85% methyl folic acid 
and the difference made up with sucrose. This diet was pro- 
vided ad libitum to 18 rats, 21 days old. These animals made 
small gains in weight during a period of three weeks but then 
lost weight abruptly and died. They became very untidy, devel- 
oped lesions in the skin, exhibited a severe alopecia, suffered 
from an acute leukopenia and also developed the ulcerative 
lesions in the central parts of the anterior surface of the 
tongue described by Franklin et al. (’47). In addition, 89% 
of these animals exhibited infarction of the spleen. Alto- 
gether the deficiency symptoms were much more dramatic 
than those observed in the animals which received the diet 
containing SST as inhibitor. The tongue lesions, how T ever, 
have also been observed by us in some of the depleted rats 
receiving SST as inhibitor. 

DISCUSSION 

Taking as criteria of normalcy the rate of gain in weight, 
the concentration of white cells in the blood, and the condition 
of the spleen, it can be stated that the minimum amount of 
PGA required by depleted rats to regain their normal state 

11 Provided by Dr. T. H. Jukes of Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, New York. 
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is somewhere in the neighborhood of 5 Mg per day, when fed 
6 times weekly during a 5-week period. Those animals which 
received 20 Mg per day gained weight and recovered white 
cells at an optimum rate, and not a single one suffered from 
spleen infarction. 

The level of 5 Mg of PGA per day, found by us to be the 
minimum requirement of depleted rats for normalcy, is within 
the range obtained recently by another investigator (Welch, 
’48) in the course of some exploratory experiments. He finds 
that the minimum amount of PGA required per day by de- 
pleted rats is somewhere between 2 and 10 Mg. 

As far as we can learn from the literature, the above ob- 
servations regarding the development of infarcts associated 
with pterovlglutamic acid deficiency in rats have not been 
previously described. That the spleen infarction observed is 
a direct result of PGA deficiency seems to be well substan- 
tiated by the fact that at increased levels of PGA incidence 
decreased, until a dose was reached (5 Mg per day) that either 
fully prevented or cured the lesions in a period of 5 weeks. 

The possibility that the infarcts could be the result of a 
secondary deficiency induced by the limited intake of basal 
diet was ruled out by the experiments already described else- 
where in this paper. The fact that the same type of lesion 
was observed with two different PGA inhibitors gave further 
support to the theory that this abnormal condition of the 
spleen is one of the manifestations of PGA deficiency in the 
rat. It seems that a definite concentration of PGA has to be 
maintained in rat tissues to prevent infarct formation in the 
spleen. 

It is well-known that the spleen is a dispensable organ. 
Spleneetomized healthy animals live their full span of life 
quite as normally as those with spleens. It is not surprising, 
therefore, that several rats, not described in this report, 
fed the basal diet supplemented with a suboptimal level of 
PGA, lived for several months with severely infarcted spleens. 
It seems that the development of this lesion is not an imme- 
diate cause of death. 
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In view of the high percentage of animals suffering from 
infarction during the depletion period, it appears difficult 
to believe that regeneration did not take place in a substantial 
number of those animals having normal spleens at the end 
of the 5-week supplementation period. But direct proof that 
regeneration takes place is still forthcoming. 

SUMMARY 

1. Twenty-one-day-old Wistar rats, fed a PGA-deficient 
ration containing 2% SST as inhibitor, developed marked 
deficiency symptoms in an average of three to 4 weeks on 
the ration. 

2. Full remission of the depletion symptoms was ob- 
tained by administration of 5 Mg of PGA 6 times per week 
during a period of 5 weeks. 

3. Levels of PGA below this amount induced partial re- 
mission of some, or all, the symptoms at rates that were 
roughly proportional to the level of PGA fed to the animals. 

4. A characteristic lesion, hitherto undescribed, consisting 
of infarction of the spleen, was observed in a high percentage 
of the PGA-deficient animals. No such lesion was found in 
animals that had received 5 Mg or more of pteroylglutamic acid 
per day as a dietary supplement during a period of 5 weeks 
subsequent to depletion. 
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INTRODUCTION 

Hayward et al. (’34) demonstrated that a corn-soybean- 
alfalfa ration was adequate for growing and fattening swine. 
Hayward and associates (’36) found that when soybeans are 
heated the sulfur-containing amino acids become more avail- 
able to the experimental animals. 

Ross et al. (’44) and Cunha et al. (’44a), using a corn-soy- 
bean oil meal-alfalfa ration, had difficulty in reproduction 
with swine. Few pigs were weaned and symptoms of congenital 
malformation were found in young pig-s from second genera- 
tion gilts raised on the basal ration. Often the sow died of 
toxemia during pregnancy. The basal ration consisted of 
17.50% soybean oil meal, 76.35% yellow corn, 5.0% alfalfa 
meal, and 1.15% minerals. 

Ross (’43) found that reproduction and lactation in rats 
were improved when the basal diet was supplemented (at the 
expense of the corn) with either fish meal, 1 : 20 liver concen- 
trate, 10% additional alfalfa meal, tankage, dried brewers’ 
yeast, soybean, lecithin or valine. Increasing the calcium 
and phosphorus level and adding manganese to the diet also 

Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by a grant from the A. E. 
Staley Manufacturing Company, Decatur, Illinois. 

* Present address is Medical Associates, Dubuque, Iowa. 
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gave slightly better results. Regularity in estrus cycle was 
obtained when B 1( B (i , niacin, a-tocopherol and shark liver oil 
were added to the basal ration. 

Cunlia ( ’44) found differences in the growth of rats which 
he attributed to variations in quality of dietary protein. The 
reproduction and lactation factor (or factors) was shown to 
be stored or retained in the rat for the production of three 
successive litters. The basal ration supplemented with 5% 
acid-washed casein plus choline gave normal reproduction 
and lactation, but 5% vitamin-free commercial casein 3 did 
not. Supplements to the basal ration of kidney residue plus 
inositol, or inositol plus choline plus B c plus 2% 1:20 liver 
powder, or 2% solubilized liver extract plus inositol, stim- 
ulated reproduction and lactation. The addition of B a , choline, 
inositol, biotin, calcium pantothenate and folic acid was found 
essential for normal growth in rats. 

In further studies Spitzer et al. ( ’46a ) showed that this 
basal ration was inadequate for reproduction and lactation in 
rats; in this study toxemia symptoms similar to those oc- 
curring in swine feel this diet were noted. The inadequacy 
of the ration produced lactation failure and some reproduction 
difficulties. 

Spitzer (’47) formulated the basal “T” ration, composeel 
of 20% soybean oil meal, 65.84% yellow corn (ground), 5.00% 
dehydrated alfalfa meal, 2.16% salts (Spitzer and Phillips, 
’46a), 2.00% Salts IV (Phillips and Hart, ’35), and 5.00% 
corn oil, plus the following per 100 gm of ration: 0.4 gm 
l( + )— cystine, 0.04 gm a-tocopherol, 0.2 gm halibut liver oil, 
0.3 gm inositol, 0.3 gm choline chloride, 5 mg menadione, 3 20 
mg ascorbic acid, 30 mg p-aminobenzoic acid, 0.1 mg folic acid, 
0.01 mg biotin, 1 mg B 1; 1 mg B 2 , 1 mg B„, 5 mg calcium pan- 
tothenate and 5 mg niacin. This fortified basal diet improved 
the reproduction and lactation performances of female rats 
by enabling them to wean 32% of their young. The further 
addition of 5% soybean oil meal at the expense of corn was 

2 Lalico. 

8 2 -methyl-1,' 4 -naphthoquinone. 
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detrimental and resulted in the weaning* of only 17% of 
the young. Bethke et al. (’46) found that supplementation of 
an all-plant basal diet for laying* hens with soybean oil meal 
resulted in poor liatchability. Whitson et al. (’46) observed a 
decrease in the hatchability of eggs as the soybean oil meal was 
increased from 0 to 40% in the diet, despite the apparent 
adequacy of the dietary factors affecting hatchability. Spitzer 
(’47) demonstrated that reproduction and lactation were 
further improved by supplementing the basal “T” ration with 
either 5% crude casein, 5% fisli meal, 0.3% soybean lecithin, 
5% 1: 20 liver powder, or 10% additional alfalfa meal. 

This paper reports further studies on reproduction and 
lactation in rats fed our basal corn-soybean oil meal-alfalfa 
diet. 


EXPERIMENTAL 

Procedure 

In this work Sprague-Dawley albino rats and their wean- 
lings weighing over 30 gm at the time of weaning were used. 
The females were conditioned or standardized carefully as 
outlined below. The rats were raised to maturity on the 
stock ration. Prior to mating all the female i*ats to be used 
were depleted for three weeks on the basal ration. They were 
then mated for the first time, at 110-120 days of age. The 
rats were permitted to bear three litters and were then dis- 
carded. Only healthy appearing rats were used for the ex- 
periments. The female rats were given a three-week rest 
period between weaning* their young and remating; during 
this period the animals received the stock ration. A record 
was kept of the age, the number of litters produced and the 
strain source (Sprague-Dawley or inbred rats of Sprague- 
Dawley origin). In each experiment, with the exceptions 
noted, only rats similar on all three counts were used. 

The cages used for mating were large, wire-mesh, false 
bottom, galvanized steel cages. A maximum of 5 females per 
cage was allowed during mating. The males used for mating 
were changed each week. When the females became pregnant 
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(detected by marked weight gain), they were isolated in 
smaller galvanized steel cages with galvanized steel bottoms. 
Clean wood shavings of soft texture and free from sawdust 
were used for nesting. The wood shavings were changed once 
a week. 

Since early lactation failure occurred in the females fed 
the basal ration, lactation performance and the weaning of 
young are best portrayed by the per cent of young weaned. 
This figure was obtained by dividing the number of young 
weaned by the number of young born. In order to reduce 
as much as possible the effect of litter size upon the growth 
rate of the young, all litters were reduced 48 hours after birth 
to six young. Despite this precaution, in most cases the litter 
load was not entirely equilibrated. The young were weaned 
at 21 days of age. The diets were closely similar in caloric 
value. Since the object of this study was qualitative and not 
quantitative in nature, and in view of the inherent difficulties 
of controlling food intake and food waste by young rats, 
food consumption data were inaccurate and therefore all ra- 
tions were fed ad libitum. Birth weights were not recorded, 
since the size of the litter overshadows dietary influence upon 
the weight of young at birth. 

In the preliminary experiments (Maruyama, ’48) to test the 
stimulatory effect of added casein or casein hydrolysates, only 
slight, if any, stimulatory effect upon reproduction and lacta- 
tion was obtained. Supplementing basal ration “T” with 
either crude or purified casein did result in less loss of weight 
by the suckling mother and somewhat greater gains in body 
weight of the nursling young. Hydrolysis of the casein by 
either acid or enzymes apparently destroyed the growth- 
promoting principle. The addition to the basal “T” ration 
of the 19 amino acids equivalent to 5% casein resulted in 
excellent reproduction and lactation performances in prelim- 
inary tests with rats; however, the growth factor for the 
young was not present in adequate amounts, if at all. Thus 
the preliminary results suggested that the missing lactation 
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factor in the corn-soybean oil meal-5% alfalfa diet may actu- 
ally have been low levels of certain of the amino acids. 

Experiment I 

With these indications from preliminary experiments in 
mind, the amino acid content of our natural ration was calcu- 
lated on the basis of figures for the 10 essential amino acids 
of the foods used here given by Block ( ’45) and by Block and 
Mitchell (’46- ’47). It was found that lysine and methionine 
were lower in the basal “T” ration than in the basal “T” 
plus 5% crude casein. Furthermore, if the requirement of 
the rat for the individual amino acids was estimated on the 
basis of the work of Griffith and Farris ( ’42), then both lysine 
and methionine were lower in the basal “T” ration than the 
recommended dietary intake. When basal “T” was supple- 
mented with 5% casein, the amounts of the two critical amino 
acids were increased to approximately the recommended 
levels. The effects of supplementing the basal ration with 
methionine and lysine equivalent to 5% casein, as well as 
with folic acid, pancreatin, and corn steep liquor additions, 
were studied. Pancreatin was used in order to minimize the 
effect of the antitryptic factor if present in the soybean oil 
meal; it has been reported by Ham et al. (’45) to be in raw 
soybean meal. 

The results are given in table 1, experiment I. The addi- 
tion to the basal “T” ration of 0.5% l(+) -lysine, 0.3% dl- 
methionine, or 0.5% l(+) -lysine plus 0.3% DL-methionine 
gave increased performance, in the order mentioned, in our in- 
bred rats, with normal reproduction and lactation in the ease 
of the last-mentioned supplement. The addition of pancreatin 
did not have a beneficial effect. The omission of folic acid from 
the basal “T” ration produced a marked inhibitory effect on 
reproduction and lactation, and in two of the females resorp- 
tion occurred. The addition of 5% corn steep liquor had no 
beneficial effect on lactation as indicated by the per cent of 
young weaned; however, the growth rate of the young may 
have been stimulated by this ingredient. 



TAB TiK X 

The effects upon, reproduction of various supplements to the corn-soybean meal-alfalfa hay ration 
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If the per cent weanecl was calculated on the basis of the 
number of live young at 48 hours it appeared that the addition 
of amino acids improved lactation, since 73% of the young 
alive at that time were weaned from mothers fed the basal 
“T” ration as against 83%, 86%, and 96% weaned from 
mothers fed the basal “T” ration supplemented with lysine, 
methionine or lysine-methionine, respectively. 

Experiment II 

The study of the effect of folic acid on reproduction and 
lactation was repeated in a second experiment. Many workers 
believe that folic acid is synthesized in limited amounts by 
the intestinal flora of the rat. They believe also, that when the 
carbohydrate of the purified ration is sucrose, the synthesis of 
folic acid as well as other “B complex” vitamins is reduced 
to a minimum. Therefore, a purified ration developed by 
Sporn et al. (’47) was used, with a slight modification for this 
experiment. It consisted of sucrose 73%, casein 4 18%, corn 
oil 5% and Salts IV (Phillips and Hart, ’35) 4%, plus the 
following vitamins in milligrams per 100 gm of ration : B x , 
0.3; Bo, 0.3; B 0 , 0.2; niacin, 2; calcium pantothenate, 2; folic 
acid, 0.025; biotin, 0.01; inositol, 0.01; choline chloride, 100; 
and p-aminobenzoic acid, 25. Instead of feeding 10 mg of a- 
tocopherol per rat at the beginning of the experiment and two 
drops of one to 4 dilution of oleum percomorplium per week, 
the vitamins E, A and D were incorporated into the ration 
and folic acid was increased from 25 gg to 100 gg per 100 gm 
of the ration. Alcohol-extracted casein was used in place of 
the commercial preparation. 5 

The results are given in table 1, experiment II. The 
Sprague-Dawlev rats on basal “T” weaned 29% of their 
young, while those on basal “T” minus the folic acid weaned 
0%.. One resorption occurred. Thus the essentiality of folic 
acid was again demonstrated. "When the purified ration with 


4 SMACO. 

r> See footnote 4* 
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folic acid was used, 59% of the young were weaned, and only 
10% when the folic acid was omitted from the ration. Re- 
sorption occurred in two out of the 5 rats used. 

It seems evident from these data that folic acid is a factor 
essential for normal reproduction and lactation in the rat 
when either a purified or natural ration is employed. 

DISCUSSION 

Spitzer (’47) believed an unknown factor or factors neces- 
sary for reproduction and lactation in the rat to be present in 
casein. Johnson et al. ( ’42) have shown the presence in casein 
of a chick growth factor. Woolley and Collyer (’46) demon- 
strated that strepogenin is essential for optimal growth in 
mice. Scott et al. (’47) showed that the strepogenin found in 
2.2% crude casein or in 10% yeast produced a two-fold g ain 
in chick growth when the source of protein in the purified diet 
was 20% egg albumin (autoclaved) and 10% gelatin. 

Stimulation of reproduction and lactation equivalent to 
that obtained by the addition of 5% crude casein to the basal 
“T” ration formulated by Spitzer (’47) was obtained when 
the 19 amino acids equivalent to 5% casein were substituted 
for the casein. Addition of 0.5% l(+) -lysine and 0.3% dl- 
methionine to the basal “ T ” ration brought about excellent 
reproduction and lactation in the rat; thus it appears that 
such supplementation provides additional stimulation for 
these functions. The requirement of extra methionine for the 
adequacy of soybean oil meal protein has been demonstrated 
by Almquist et al. (’42). Russell et al. (’46) showed that 
methionine enhanced growth in rats fed soybean oil meal 
rations. 

In our studies folic acid, among other factors, has been 
shown to play an important role in the reproduction and lac- 
tation of the rat. Possibly the requirement for folic acid in- 
creased during the gestation period and the amount syn- 
thesized in the digestive tract plus the small amount in the 
constituents of the diet were not sufficient to promote normal 
gestation and parturition. Hence, resorption occurred fre- 
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quently. Recently, Lillie and Briggs (’47) determined by 
chick assay the folic acid activity in common feedstuffs and 
reported alfalfa meal to contain 11.3 Mg per gram and liver and 
yeast 50 Mg per gram. This may explain in part the stimulation 
obtained by supplementing alfalfa meal, liver or yeast to the 
basal diet by Ross (’43), Cunha (’44), and Spitzer (’47). 
Cerecedo et al. ( ’44, ’47) showed the beneficial effect of folic 
acid on lactation in mice, using a highly purified ration. Fen- 
ton and Cowgill (’47) found that some stimulation for re- 
production and lactation in their highly inbred strain of mice 
resulted when folic acid was added to a purified diet. Bowland 
et al. ( ’48) reported stimulation from folic acid for reproduc- 
tion and lactation in rats but not for growth. 

Due to the unequal number of young that the mother rats 
nursed to weaning, the data on the average weaning weight 
of the young and the weight changes in the mother rats during 
the gestation and lactation period can be considered only as 
suggestive but not significant in determining the adequacy of 
the diet in these experiments, a point stressed by Nelson and 
Evans (’47). 

Efforts to supplement adequately a yellow corn-soybean oil 
meal-5 % alfalfa ration in order to stimulate reproduction and 
lactation in the rat have shown that choline, B e , inositol (Ross, 
’43; Cunha, ’44) and biotin (Spitzer, ’46b) improve the ration 
as regards these important functions. Further improvement 
has now been attained by additional supplements of 0.5% l 
(+) -lysine and 0.3% DL-methionine and folic acid. 

SUMMARY 

1. Standardization of the experimental animal was found 
to be essential for reproduction and lactation studies. 

2. Supplementing the basal “T” ration with 0.5% l(+)- 
lysine and 0.3% DL-methionine led to excellent reproduction 
and lactation in rats. The weight of the young weaned on 
this ration was less than that of young weaned on the casein- 
supplemented ration. 
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3. Supplemental folic acid appeared to be essential for 
normal reproduction and lactation in our female rats fed the 
corn-soybean-5 % alfalfa ration or a purified ration. 

4. The addition of 1% pancreatin or 5% corn steep liquor 
to the ration did not have any stimulative effect on reproduc- 
tion or lactation, but 5% corn steep liquor did stimulate 
growth in the suckling young. 

5. From these studies it is evident that in addition to other 
factors demonstrated to be helpful in reproduction and lacta- 
tion — i.e., choline, B c , inositol, and biotin — the amino acids 
l( + ) -lysine and DL-methionine, and folic acid, are essential 
for good reproduction and lactation in female rats fed basal 
ration “T,” which is essentially a corn-soybean oil meal-5 % 
alfalfa ration. 
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THE LACTATION RESPONSE AS LIMITED BY 
FEEDS PRODUCED UNDER TWO SYSTEMS 
OF SOIL FERTILIZATION 

K. A. KENDALL, 1 W. B. NEVENS AND 0. B. OVEBMAN 
Department of Dairy Production, Dniversity of Illinois, Urbana 

ONE ITOTOE 

(Deceived for publication. April 29, 1948) 

Observations of certain workers indicate that varying levels 
of soil fertility have affected through the medium of plants 
the nutrition and milk production of dairy cattle (Pipers, ’09 ; 
Green, ’25). In other studies the weight gains of animals have 
been influenced (Theiler et al., ’20, ’24; Crampton, ’34; Al- 
brecht and Smith, ’41; Webb et al., ’46; Turner et al., ’46). 
Improved palatability (Nevens, ’41; Archibald et al., ’43) and 
an increased apparent digestibility of certain forages (Neh- 
ring, ’38; Eheart and Pratt, ’42) have been attributed to soil 
f ertilization ; in other work the biological value of proteins in 
barley (Nehring and Schramm, ’40) was not improved by such 
means. Other investigators report improved animal repro- 
ductivity, health and longevity resulting from soil fertiliza- 
tion (Hunt, ’27; Tallarico, ’31; Seheunert et al., ’34). 

The effects of varied levels of soil fertility upon animals 
have been investigated largely through the feeding of grasses 
or through range grazing studies. Because of the relatively 
meager evidence relating to such levels as they affect cereal 
grains and legumes, and to their ultimate influence upon the 

*The data of this paper were taken from a thesis submitted by this author 
to the Graduate College of the University of Illinois in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 
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nutrition of animals, further study of the general problem 
seemed justified. 

The object of this investigation was to study the lactation 
response in the rabbit as it is influenced by the nutrient con- 
tent of feeds produced on Cisne silt loam fertilized with 
phosphorus and potassium and with or without calcium. 

The cooperation of the Department of Agronomy of the 
University of Illinois made this study possible by supplying 
the cereal grain and legume roughages fed, which were grown 
on the Soil Experiment Field located at Newton, Illinois. This 
field was established in 1912. Since the time of its estab- 
lishment accurate records have been kept of the fertilizers 
applied and their effects upon the productivity of the soil 
as shown by crop yields (Bauer et al., ’45). 

EXPERIMENTAL 

The effects of two series of fertilizer applications upon the 
nutritive value of wheat grain, lespedeza hay, and soybean 
hay were studied through the use of paired feeding trials 
with lactating rabbits and their nursing young. The fertilizer 
series and the amounts of each fertilizer applied per acre 
since the field experiments were started were as follows: 
Series 1, raw rock phosphate, 4 tons; kainit, 2.25 tons plus 
1,000 pounds of muriate of potash. Series 2 was similar to 
series 1 in that 4 tons of raw rock phosphate, 2.25 tons of 
kainit, and 1,000 pounds of muriate of potash were used, but 
differed from series 1 in that 12 tons of limestone were also 
applied. For the sake of clarity and brevity, series 1 will be 
referred to as the PK and series 2 as the PK + Ca treatment. 

Trial 1: Lespedeza hay and ivheat studies 

Equal parts of ground wheat grain and ground Korean 
lespedeza hay (1945 crops), produced either on the PK or the 
PK + Ca series, and 1% sodium chloride (C.P.) were used 
in making up two rations. The first was known as the PK 
ration, the second as the PK -f- Ca ration. The lespedeza 
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produced under each soil treatment was cut on the same day, 
while the crop was in the early to medium bloom stage. The 
hay was cured under good hay-making conditions and stored 
with a minimum of leaf loss. Before grinding the lespedeza 
all of the foreign matter, chiefly weeds, was removed. The 
lespedeza contents of the forage as harvested from the PK 
and PK + Ca-treated plots were 33.3 and 71.5%, respectively. 

The total nitrogen content of the lespedeza hay from the 
PK-treated plots was 1.96% and for the hay from the PK -f- 
Ca soil treatment, 2.36%. The two lots of wheat contained 
1.53% and 1.94% nitrogen, respectively, for the PK and the 
PK + Ca treatments. 

The percentages of dry matter, total nitrogen, and ash for 
the two rations as fed were (in the order named) 89.3, 1.74 
and 4.6 in the PK ration and 89.9, 2.16 and 4.4 in the PK + Ca 
ration. 

The rabbit was used as the experimental animal. Previous 
investigations (Crampton et al., ’40; Smith and Albrecht, ’42) 
with the rabbit have shown it to be similar to cattle or sheep 
in its ability to utilize feeds. 

Six pairs of litter-mate New Zealand white females and two 
related males were used. The female of each pair was identi- 
fied by a number followed by the letter “ — 0” if fed the PK 
ration, or “ — W” if fed the PK -j- Ca ration. 

Throughout the study, the paired feeding technique was 
used to equalize food intakes (Mitchell and Beadles, ’30). 
After a three-week preliminary feeding period in which the 
experimental rations were fed, the animals were mated. Each 
male was mated to two females daily with only one service 
per female being permitted. This use of the males was not 
believed to be excessive (Jones and Hays, ’18). 

Though the females were mated at essentially the same 
time, because of the variability in the length of the gestation 
periods age in the young was calculated in days from the 
probable time of conception. In most instances the young 
were born by the end of the 31st day after conception. As 
soon as possible after birth the young were counted and 
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•weighed. Usually, by the third day the litters were standard- 
ized to 6 young or less. 

The feeders used were mounted high enough to prevent the 
young from gaining access to the rations fed. Thus the milk 
of their mothers was the only source of nutrients for the 
young. 

Daily weights of litters were taken until the 46th day from 
the probable date of conception, at which time the litters 
were sacrificed. The animals of a litter were weighed in- 
dividually and were measured for body length. After removal 
of gastrointestinal contents the carcasses were weighed, frozen 
and later ground for analysis. 

The individual carcasses were analyzed for dry matter, 
total nitrogen and ash. In all, 46 carcasses were analyzed, 
comprising an equal number from each of the two groups 
compared. Because the entire litter of doe 8-0 (PK) died on 
the 35th day after conception, the observations taken for doe 
8-W (PK + Oa) and her litter have been omitted from the 
reported data. 

Dry matter was determined by holding 1-2 gm samples of 
ground carcass at 100° 0. for 4 hours. Total nitrogen was de- 
termined by the official Kjeldahl method (A.O.A.C., ’40). 
Samples for ashing were placed in a muffle furnace. The tem- 
perature was slowly raised to 575-600°C. and held for 6 hours. 

Trials 2 and 3 : Soybean hay and wheat studies 

Trials 2 and 3 differed from trial 1 in that excellent quality 
soybean hay was used to replace the lespedeza hay in the 
rations fed. The soybeans were grown under the same condi- 
tions as was the lespedeza used in the first trial. 

The total nitrogen in the wheat (1946 crop) from the PK- 
treated soil was 1.79%, compared with 2.01% for that pro- 
duced on the PK -f- Ca-treated plots. The soybean hay from 
the PK-treated soil contained 2.39% total nitrogen in contrast 
to 3.02% for hay from the PK Ca-treated soil. 

The ration used in trials 2 and 3 contained the same pro- 
portions of ground wheat, ground soybean hay, and sodium 
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chloride as were used in trial 1. The percentages of dry matter 
and total nitrogen in the rations as fed were 88.7 and 2.06 
respectively, for ration PK, and 89.1 and 2.49 respectively for 
the PK -f- Ca ration. 


TABLE 1 

Weights of does and their food intakes 


DOB 

NUMBER 

DOB WEIGHTS AT TIME OF : 

FEED CONSUMED DURING : 

Mating 

Parturition 

Litter 

sacrifice 

Gestation 

Lactation 


leg 

leg 

leg 

leg 

leg 


Trial 1 : Wheat and lespedeza hay study 


1-0 1 

3.9 

3.8 

3.5 

3.1 

2.0 

1-W 3 

3.9 

3.8 

3.6 

3.2 

2.0 

2-0 1 

4.0 

3.9 

3.7 

3.7 

2.2 

2-W 3 

4.3 

3.9 

3.8 

3.6 

2.3 

3-0 1 

4.3 

4.1 

3.9 

3.4 

1.8 

• 3-W 3 

3.7 

3.5 

3.5 

3.4 

1.8 

6-0 1 

3.9 

4.0 

3.7 

4,1 

2.6 

6-W 2 

4.3 

4.3 

3.9 

4.1 

2.6 

7-0 1 

3.9 

3.9 

3.4 

3.6 

2.6 

7-W 2 

3.6 

3.8 

3.4 

3.6 

2.6 


Trial 2: 

Wheat and soybean hay study 


102 s 

4.9 

4.5 

4.5 

2.3 

2.6 

1W2 1 

4.4 

4.1 

4.0 

2.3 

2.7 

5-2 3 

3.9 

3.9 

4.2 

4.8 

2.8 3 

8W2 1 

3.4 

3.6 

3.7 

3.2 

2.8 3 


Trial 3 : 

Wheat and soybean hay study 


5-3 2 

3.7 

3.7 

3.8 

3.2 

2.7 3 

2W3 1 

3.7 

3.5 

3.7 

4.2 

2.7 s 

Average 1 

3.9 

3.8 

3.7 

3.4 

2.4 

Average 2 

4.0 

3.9 

3.8 

3.5 

2.4 


1 Ration from PK-treated soil. 

2 Ration from PK + Ca-treated soil. 
8 Paired only during lactation. 


Approximately 6 months after the completion of the wheat 
and lespedeza feeding studies the same females were again 
placed on experiment. In these studies the females were re- 
versed with reference to the soil treatments as affecting the 
rations. 
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RESULTS 

The PK + Ca ration that contained lespedeza appeared 
to be slightly more palatable than the PK ration. This was 
indicated by the quantity of feed that remained in the feeders 



AGE IN DAYS 
FROM CONCEPTION 

Pig. 1 The average daily weights of nursing rabbits whose mothers, in trial 1, 
were fed lespedeza hay and wheat and in trials 2 and 3, soybean hay and wheat. 
All feeds were grown on a soil that had been treated with two different com- 
binations of fertilizers. 


each day. Four of the 5 does receiving ration PK, which 
contained lespedeza, limited the feed intakes of their pair 
mates. When the soybean hay and wheat rations were fed, 
the tendency to limit the food intake of pair mates was about 
evenly divided between the two soil treatments. 




LACTATION LIMITED BY SOIL TBEATMENT 


631 


A study of the average weights of the lactating females as 
shown in table 1 indicates that the average total weight losses 
while on the two rations were approximately equal. The 
average losses were 0.24 and 0.21 kg respectively for the PK 
and the PK + Ca treatments. These losses occurred from the 
time the females were mated until the time the young were 
sacrificed, 46 days later. 


TABLE 2 

Average body measurements and carcass composition of litters in trial 1 


LITTER 

NUMBER 

NUMBER 

OP 

YOUNG 

BODY MEASUREMENTS 

CARCASS COMPOSITION 

Length 

Full wt. 

Empty wt. 

Dry 

matter 

Total 

nitrogen 

Ash 



cm 

gm 

gm 

gm 

gm 

gm 

1-W 1 

6 

18.6 

135 

124 

29.0 

3.3 

4.2 

1-0 2 

6 

17.2 

110 

102 

25.2 

2.8 

3.6 

2-W 

3 

20.0 

193 

175 

40.9 

4.9 

6.3 

2-0 

2 3 

18.3 

163 

141 

33.2 

3.9 

5.0 

3-W 

4 

19.9 

177 

156 

35.2 

4.0 

5.0 

3-0 

4 

18.3 

143 

126 

28.4 

3.4 

4.0 

6-W 

5 

21.3 

219 

198 

54.7 

5.3 

5.9 

6-0 

5 

19.9 

189 

173 

49.7 

4.5 

5.8 

7-W 

5 4 

20.1 

170 

154 

40.2 

4.4 

5.6 

7-0 

6 

19.0 

153 

146 

39.1 

4.2 

5.2 

-W 

23 

19.9 

176 

159 

39.6 

4.3 

5.4 

-0 

23 

18.5 

149 

136 

35.3 

3.7 

4.7 


1 =s PK + Ca ration (wheat and lespedeza). 

3 1 t -O ? * = PK ration (wheat and lespedeza) . 

8 One animal died 4 days before the litter was sacrificed. 

4 One animal died two days before the litter -was sacrificed. 


The pairs of mating totaled 17. Of the 17 females that 
received the PK rations, 14 bore litters averaging 6.43 young 
per litter, with three of the females failing to conceive. Twelve 
of the 17 females receiving rations PK + Ca produced an 
average of 7.75 young per litter, with the 5 remaining females 
failing to have litters. Birth weights of the individual animals 
in any litter were inversely related to the number of animals 
in the litter. 
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The average daily weights of the litters of nursing dams 
receiving the PK + Oa rations were larger than those of 
the litters of their paired litter mates. The differences in the 
average daily weights of litters were apparent after the 38th 
day from conception, as is shown in figure 1. 

As is indicated in table 2, the average body length for the 
23 young in trial 1, whose dam had been fed ration PK, was 
18.5 cm as compared with an average body length of 19.9 cm 

TABLE 3 

Average body measurements of litters in trials 2 and 3 


RATION 

LITTER 

NUMBER 

NUMBER OR 
ANIMALS 

BODY measurements: 

Length Full wt. Empty wt. 




cm 

gm 

gm 



Trial 

0 1 
w 



PK 

1W2 

3 

20.8 

230 

209 

PK + Ca 

102 

3 

21.4 

251 

218 

PK 

8W2 

4 2 

20.2 

219 

186 

PK + Ca 

5-2 

5 

21.1 

210 

181 



Trial 3 1 



PK 

2W3 

3 3 

19.2 

205 

182 

PK + Ca 

5-3 

3 

23.1 

289 

257 

PK 


10 

20.0 

218 

191 

PK + Ca 


11 

21.7 

242 

211 


1 Wheat and soybean hay studies. 

2 One animal died two days before the litter was sacrificed. 

3 One animal in this litter was quite small, weighing only 92 gm at the time of 
sacrifice. 


for those whose dams had been fed ration PK + Ca. Al- 
though a smaller number of young survived in trials 2 and 3, 
their body lengths for the PK and PK + Ca rations were 
20.0 and 21.7 cm respectively. 

The average weight of stomach and intestinal contents of 
the 23 PK young in trial 1 was 12.6 gm, as compared to 16.8 
gm for the 23 young reared from does on PK + Ca rations. 
The same trend appears in trials 2 and 3 where the gastro- 
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intestinal contents were 27 and 31 gm, respectively, for the 
PK and PK + Ca treatments. 

The average quantities of dry matter, total nitrogen, and 
ash deposited in the carcasses, as shown in table 2, were 35.36, 
3.86 and 4.79 gm respectively for those animals affected by the 
PK treatment. The percentages of these same components in 
the carcasses were: dry matter, 25.52; total nitrogen, 2.78; 
and ash, 3.51. The quantities of these deposition products 
were in direct contrast to those for the PK -f- Ca animals. 
In this group the deposited dry matter, total nitrogen and 

TABLE 4 


Analysis of the variance between the PK and PK -j- Ca treatments as affecting 
carcass measurements and composition of animals in trial 1 


CARCASS FACTORS ANALYZED 

F 

COEFFICIENT OF VARIATION 



% 

Body length 

30.3 1 

4.5 

Gastrointestinal contents 

12.9 1 

26.6 

Body weight (empty) 

19.4 1 

11.6 

Dry matter deposited 

8.0 1 

13.6 

Nitrogen deposited 

26.5 1 

19.0 

Ash deposited 

10.5 1 

11.9 

Dry matter (%) a 

13.9 1 

3.2 

Nitrogen (%) 

.0025 

, 7.9 

Ash (%) 

2.9 

6.6 


1 Significant at the 1% level of probability. 

2 Significantly greater in the young of the PK-nourished mothers. 


ash averaged 39.66, 4.42 and 5.36 gm, respectively. Percentage 
values for these same components in the order named were 
24.65, 2.75 and 3.39. 

An analysis of the variance in the carcass observations in 
the first trial is summarized in table 4. The variance between 
treatments with respect to body lengths, gastrointestinal con- 
tents, empty carcass weights, quantity of dry matter, total 
nitrogen, and ash deposited was in every instance sufficiently 
greater than the error variance to be highly significant at 
the 1 % level of probability. The variance between treatments 
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with respect to the percentage of total nitrogen and ash was 
only slightly greater than the error variance and was there- 
fore not significant. 

Althongh the differences between the values for average 
body lengths, gastrointestinal contents and empty carcass 
weights of the young produced in trials 2 and 3 showed the 
same trends as did those in trial 1, the number of degrees of 
freedom was not sufficiently large to establish the significance 
of the differences observed. 

DISCUSSION 

The causes of the wide differences in the nutritive values of 
the feeds grown under the two systems of soil treatment 
are not apparent from the data presented in this paper. It is 
possible that a simple correction of the protein disparity 
might suffice to equalize the two rations. On the other hand, 
it seems probable that the differences are more deep-seated 
than a mere difference in the nitrogen contents of the rations. 
Did the two systems of soil treatment cause differences in 
the physical as well as the chemical structure of the plant 
tissues? Did the addition of calcium to one series of plots 
enable the plants grown thereon to absorb more of some of the 
trace minerals? In order to determine the underlying causes 
of the differences which may be produced in animals by the 
two systems of soil fertilization, further careful research is 
needed. Such research is now in progress. 

SUMMARY 

Differences in the nutritive values of lespedeza hay, soy- 
bean hay, and wheat grain were carefully appraised through 
the lactation responses of rabbits. The use of doe litter mates 
and the paired feeding technique made such an evaluation 
possible. 

Data are reported for 17 pairs of pair-fed, mated, doe rab- 
bits whose rations were made up of feeds produced on a single 
soil type ; and for 8 pairs of litters produced by these does, 
to an age of 46 days from conception. One ration was made 
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up of feeds grown on PK-fertilized soil; the other consisted 
of feeds grown on a similar soil fertilized with PK + Ca. 

The PK + Ca rations were found to he superior to the PK 
rations in the following respects : 

1. In trial 1 they appeared to be more palatable. No 
noticeable differences in palatability were observed in trials 
2 and 3 when soybean hay replaced lespedeza hay. 

2. The average litter size showed some tendency to be 
larger. 

3. Average daily weights of the young were greater after 
reaching an age of 38 days from conception. 

4. An analysis of the variance of the trial 1 data showed 
that body length, gastrointestinal contents, and the quantity 
of dry matter, total nitrogen, and ash deposited in the young 
fed solely on the milk of mothers fed the PK + Ca ration 
were significantly greater than in their PK-nourished pair 
mates. 

Differences in the percentages of carcass nitrogen and ash 
were not significant. 
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The present investigation was begun in order to determine 
the effect of diet on the ability of animals to withstand ad- 
verse conditions during subsequent fasting. Previous work 
has indicated that the metabolism of the peripheral tissues 
of animals is affected by the prevailing major energy com- 
ponent of the diet. This effect tends to persist during subse- 
quent fasting (Guest, ’41; MacKay, Carne, Wick and Viss- 
eher, ’41 ; Samuels, Reinecke and Ball, ’42 ; Roberts, Samuels 
and Reinecke, ’43). Experiments were therefore set up in 
which the daily caloric intake of all groups of animals was 
maintained at the same level by forced feeding but was sup- 
plied largely by either carbohydrate, fat, or protein. In all 
groups sufficient protein was fed to maintain an adequate 
amino acid supply. The animals were placed in metabolism 
cages which also recorded activity. Voluntary activity and 

*The research reported in this paper has been undertaken in cooperation 
with the Committee on Food Research of the Quartermaster Food and Container 
Institute for the Armed Forces. The opinions or conclusions contained herein 
are those of the authors; they are not to he construed as necessarily reflecting 
the views or endorsement of the War Department. 

3 Present address : Department of Physiology, University of Minnesota, Minne- 
apolis. 
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nitrogen balances were determined during the feeding period. 
Fasting was then begun, and at intervals the amount of 
exercise required to produce complete exhaustion was de- 
termined. The animals were fasted until they died of either 
exhaustion or starvation. 


METHODS 

In the present experiments, male rats obtained from 
Sprague-Dawley, Inc., were placed in combined activity and 
metabolism cages when they weighed 150-175 gm. The cages 
were designed by Dr. Reinecke. Each consists of a cylindrical 
revolving cage of low inertia which drives a counting mech- 
anism that adds every inch of movement in either direction 
around the axis. The cage in turn can be driven by sprocket 
and chain from a variable speed motor. To prevent the 
animal from riding the cage, a baffle is introduced at the top. 
Below the cage are a funnel and a collecting mechanism for 
recovering urine and feces separately. All of the parts which 
come in contact with the animal or its urine and feces are 
built of stainless steel, thus reducing the possibility of con- 
tamination with metals and the consequent catalysis of the 
destruction of certain organic molecules. 

After being placed in the cages, the rats were fed a 
stock diet of calf meal ad libitum until they weighed 250 gm 
or more. During this time records of voluntary activity were 
kept. The rats were then placed on one of the diets shown in 
table 1. These were fed by stomach tube in equicalorie 
amounts, the usual intake being 52 calories per day, which 
was divided into two or three feedings. Forced feeding elimi- 
nated the variability in rate of food intake which has been 
shown by Tepperman, Brobeck and Long (’43) to have an 
influence on the type of metabolism. Records of voluntary 
activity were .also kept during the periods on the exper- 
imental diets. 

At the end of 4 weeks on the experimental diets the animals 
were fasted. Exhaustion tests were run from one to 4 days 
later and thereafter at intervals of one week until the animals 
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died. Voluntary activity was recorded during the intervals 
between exhaustion tests. 

In two experiments blood sugar samples were taken during 
the feeding period. In all experiments blood sugar levels were 
determined 12 hours after beginning the fast and before 
and after each exercise period; sometimes at more frequent 


TABLE 1 

Diets used in stomach tube feeding 



HIGH 

FAT 

HIGH 

CARBOHYDRATE 

HIGH 

PROTEIN 

Lactalbumin, Labco (gm) 

30 

30 

263.25 

Gelatin, TJ.S.P. (gm) 

30 

30 

30 

Corn oil (gm) 

105.8 

3 

3 

Dextrin (gm) 

0 

233.25 

0 

Salt mixture, XJ.S.P., no. 1 (gm) 

12.0 

12.0 

12.0 

Oleum percomorphum, 

reinforced 1 (drops) 

12.0 

12.0 

12.0 

Vitamin concentrate 2 (gm) 

6.0 

6.0 

6.0 

Water to make (ml) 

900 

900 

900 

Calories per ml 

1.30 

1.31 

1.30 

Caloric distribution: 

(% of total calories) 

Protein 

19.5 

19.5 

92,4 

Fat 

80 

2.7 

2.7 

Carbohydrate 

0.5 

77.8 

4.9 


1 Mead J ohnson and Company. 

2 Lederle ’s Lederplex. According to label, 6 gm contained : 


Thiamine hydrochloride 

24 mg 

Calcium pantothenate 

36 mg 

Riboflavin 

24 mg 

Choline 

240 mg 

Nicotinamide 

120 mg 

Inositol 

120 mg 

Pyridoxine 

2.4 mg 

Folic acid 

2.4 mg 


Plus other water-soluble extractives from 96 gm liver. 


intervals. The sugar was determined by the Eeinecke modi- 
fication of the Folin-Malmros method (Eeinecke, ’42). 

Urine and feces were collected twice a week during the feed- 
ing period. A small amount of sulfuric acid and a layer of 
toluene were used as preservatives. During fasting the urine 
and feces were saved, up to the time of forced exercise. They 
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were then collected separately for the period of exercise and 
the succeeding 12 hours. This procedure of separating the 
samples during voluntary exercise from those of the periods 
of forced exercise was continued until the death of the rat. 
The feces and urine were each analyzed for nitrogen by the 
Kjeldahl method. 


RESULTS 

In all tables mean values are given for each group. In most 
instances the standard error of the mean is also given. 
Student’s “t” test as applied to small groups has been used 
to determine the probability of the significance of differences 
observed. 


Activity during the feeding period 

Table 2 gives the average voluntary activities of the ex- 
perimental animals, both during the feeding periods and dur- 
ing fasting. 

The outstanding point shown is the change which occurred 
■when a diet high in any one food factor was substituted for a 
mixed diet. The greater activity did not seem to be due to 
some special ingredient of the stock calf meal mixture, since 
the rate was maintained when, in experiment 2, the rats 
were transferred to a force-fed diet consisting of a mixture 
of equal parts of the high carbohydrate and high fat diets. 
Later, when these rats were transferred to either the high 
carbohydrate, high fat or high protein diet, the voluntary 
activity dropped to approximately one-half the rate on the 
force-fed mixed diet, a drop similar to that seen when the rats 
were transferred directly to the specific diets from the calf 
meal. This change was highly significant by Student’s “t” 
test. On the other hand, there was no difference of any mag- 
nitude between the three diets high in one factor as a source 
of energy. Apparently a rat desires physical activity most 
when it is utilizing all three foodstuffs. 
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Spontaneous activity, forced activity and survival 
during fasting 

In table 3 it will be seen that there is a highly significant 
difference between mean periods of survival for the rats 
on the different diets. This was in spite of an equicaloric 
intake during the feeding period. The rats on the high fat 
diet survived the longest, 18.3 days. The carbohydrate-fed 


TABLE 3 

Exercise causing exhaustion of adult male rats , nitrogen excreted and survival 
while fasting with periodic exercise 



CARBOHYDRATE 


RAT 


PROTEIN 


Rats 

Category of 
interest 

Rats 

Category of 
interest 

Rats 

Category of 
interest 

Exercise, 1 2-4 
days fasting 
(Revolutions) 

16 

4040 ± 411 

12 

6730 ± 915 

7 

3600 ± 262 

Exercise, 1 9-11 
days fasting 
(Revolutions) 

14 

8660 ± 1017 

13 

8800 ± 1020 

4 

7220 ± 500 

Exercise, 1 16-18 
days fasting 
(Revolutions) 

3 

8650 

7 

7960 ± 738 

0 


Total forced 
exercise fasting 
(Revolutions) 

14 

13800 ± 1630 

12 

19700 ± 1780 

9 

6465 ± 1650 

Nitrogen excreted 
per unit work 
(mg/1000 rev.) 

19 

.0465 ± .0058 

22 

.0342 ± .0044 

11 

.0521 ± .0095 

Easting survival 
(days) 

13 

15.5 ± 0.46 

12 

18.3 ± 0.44 

9 

10.2 ± 1.68 


1 Eate of exereise was 7 r.p.m. or 20 ft. per min. 


animals were next, with an average survival of 15.5 days. 
This was significantly shorter than that of the fat-fed rats 
(P less than 0.01) and definitely longer than that of the 
animals fed protein (P less than 0.01). 

When the rats were forced to exercise to exhaustion at 
some time during the first 5 days, those receiving the high 



PREVIOUS DIET, FASTING AND WORK 


645 


fat diet ran significantly longer than the carbohydrate-fed 
group, the mean difference being 2690 revolutions (6730 vs. 
4040). This was also significantly longer than the average 
for the protein-fed rats (6730 vs. 3600). In the second and 
third exercise periods no significant difference existed. The 
number of animals surviving for repeated exhaustion trials 
dropped markedly in the case of the protein-fed group by 
the time of the second test, and in the case of the carbohydrate- 
fed group by the third test. There was therefore some selec- 
tive action. When the mean total forced activity was deter- 
mined (sum of all exercise tests through which the animal 
survived), there were significant differences among all three 
groups, the fat-fed rats being best, those previously on a car- 
bohydrate diet next, and the high protein-fed animals poorest. 

One of the interesting observations was that the time re- 
quired for exhaustion of the rats on any of the diets increased 
when the second test was run. The change was not so great 
among the fat-fed animals as in the carbohydrate-fed group. 
It was impossible to make any quantitative comparisons be- 
tween the protein-fed rats and the others on the basis of the 
second exercise period, since so few animals previously on 
the high protein diet survived long enough. This increased 
time for exhaustion did not seem to be the result of a simple 
learning process, since animals exercised immediately at the 
end of the feeding period (experiment 3) did not show an 
increase on their next fasting test. 

Not only was there an increase in the amount of work 
required for exhaustion as the fast lengthened, but terminally 
there was also an increase in the voluntary activity. This was 
not an immediate effect of inanition, however, since the volun- 
tary activity rates during the first 4 days of fasting did not 
differ significantly from those for animals on the diets. In 
fact, the voluntary activity of the rats previously fed a high fat 
diet gradually decreased, and reached a low point between the 
7th and 11th days. As death approached, however, these rats 
also showed a spurt in voluntary activity. 
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While the rats previously fed the high fat diet were able 
to do significantly more work before exhaustion than either 
of the other groups, their voluntary activity was less. As a 
consequence, the total activity of the fat-fed rats during fast- 
ing, although averaging slightly more, did not differ signi- 
ficantly from that of the carbohydrate-fed group. Both dif- 
fered signifi cantly from the protein-fed rats because of the 
high incidence of early deaths among the latter. 

Changes in blood sugar during fasting and exercise 

The changes in blood sugar levels during fasting are shown 
in figure 1. Values after forced activity are not included. 
During the first 6 hours after feeding the glucose level of the 



carbohydrate-fed rats was significantly higher than that of 
the other two groups. It also fell more rapidly in this group, 
however, so that 8-12 hours after feeding there was no sig- 
nificant difference. By 16 hours after feeding the order 
had been reversed, the carbohydrate-fed rats having signifi- 
cantly lower blood sugar levels. This difference was still 
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12 mg per 100 ml at the end of 4 days of fasting, and was 
highly significant statistically. 

By the 10th day, however, the difference had disappeared. 
In fact, the carbohydrate and protein groups had now appar- 
ently higher blood sugar levels than the fat-fed animals. This 
was due to the fact that more of the animals in the first two 
groups were approaching death. During the 48 hours preced- 
ing death, the blood sugar level rose in all animals. This was 
also the period of increased voluntary activity; probably the 
two phenomena ate causally related, perhaps via the adrenals. 


TABLE 4 

Blood sugar changes during forced exercise 



CARBOHYDRATE 

EAT 

PROTEIN 



mg f 100 ml blood 


First exercise period: 

Blood sugar before 

55.5 ± 2.8 

62.4 ± 2.8 

66.2 ± 5.4 

Blood sugar at exhaustion 

58.9 ±: 5.4 

88.9 ± 6.3 

73.0 ± 8.9 

Difference 

+ 3.4 ± 6.0 

+ 26.5 ± 6.2 

+ 6.8 ± 7.1 

Second exercise period: 

Blood sugar before 

59.9 ± 3.6 

57.7 ± 5.7 

69.5 ± 6.6 

Blood sugar at exhaustion 

58.6 ± 4.1 

76.6 ± 8.6 

72.2 ± 14.2 

Difference 

— 1.3 ± 5.5 

+ 18.9 ± 9.2 

+ 2.7 ± 17.2 


There were marked differences in the effects of exercise 
on the blood sugar levels (table 4). When samples were taken 
at the beginning of forced exercise and at exhaustion, the rats 
originally fed carbohydrate showed small and irregular dif- 
ferences among themselves. The mean change was a slight 
increase of 3.4 mg per 100 ml. In the protein-fed group the 
change was sitnilar. On the other hand, the rats previously 
fed a high fat diet, with rare exceptions, showed a consider- 
able increase in the blood sugar level during exercise. The 
average increase was 26.5 mg per 100 ml. Apparently there 
was a marked difference between the two groups of animals 
with respect to the balance between glucose production and 
utilization. 
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Nitrogen excretion during feeding, fasting 'and 

exercise 

Nitrogen excretion was measured during the last 5 days 
on the special diets. As shown in table 5, the nitrogen excre- 
tion bore a direct relation to the nitrogen intake and in all 
groups showed a slightly positive balance consistent with the 
increasing size of the animals. 

During fasting, however, there were significant differences 
in excretion due to the diets previously fed. In the first 4 
days the rats previously fed protein excreted significantly 
more nitrogen and the fat-fed rats significantly less than 


TABLE 5 

Nitrogen excretion on special diets and during subsequent fasting with 
voluntary activity 


DIET 

ON DIET 

1st fasting 

PERIOD 

(0-4tli days) 

2ND FASTING 
PERIOD 

(6th-llth days) 

3rd fasting 
PERIOD 

(13 day-death) 

High 

carbohydrate 

0.3375 ± .0053 

gm N per rat per day 

0.1770 ± .0068 0.1318 ± .0111 

0.2286 ± .0131 

High fat 

0.3165 ± .0 080 

0.1104 ± .0057 

0.1004 ± .0094 

0.1407 ± .0272 

High protein 

1.369 ± .038 

0.2547 ± .0314 

0.1427 ± .0392 



those of the carbohydrate-fed group. The nitrogen excretion 
of the carbohydrate-fed group continued to drop, while that of 
the fat-fed group tended to level off; the difference be- 
tween them therefore decreased. Terminally there was some 
increase in the nitrogen output of all animals, the so-called 
“premortal rise. ’ ’ J 

Not only was there a significant difference in the nitrogen 
excretion during fasting associated with voluntary activity, 
but the fat-fed rats also excreted less nitrogen during the exer- 
cise periods. As may be seen in table 3, the nitrogen output 
per unit of work was definitely lower for these animals. They 
must therefore have been burning more non-protein com- 
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pounds. These results agree with the hypothesis that for 
some time after feeding has ceased the tissues of the carbo- 
hydrate-fed rats tend to use glucose more readily for energy, 
and fat less readily, than do those of the fat-fed rats. 
Since carbohydrate storage is relatively small, there is a 
greater tendency to mobilize protein to supply similar molec- 
ular fragments. 


DISCUSSION 

Two factors appear to be involved in the longer survival 
of the fat-fed rats in the present experiments: (1) a decreased 
destruction of structural tissue and (2) a reduced amount 
of voluntary activity. 

The decreased destruction of structural tissue during any 
given period of fasting was due in part to the reduced volun- 
tary activity. This is probably not the entire explanation, 
however. The early course of the blood sugar level would 
indicate that in all probability during the first part of the 
fast a different metabolic mixture was burned by the animals 
previously on the different diets. In the case of the carbo- 
hydrate group, this involved greater carbohydrate and pro- 
tein and less fat breakdown. The greater utilization of fat 
and the consequent sparing of body protein during forced 
exercise probably accounts for the greater work which the 
fat-fed rats were able to do before exhaustion. This beneficial 
effect of a fat diet has also been observed by Deuel et al. ( ’47) 
in connection with a high fat diet fed ad libitum. 

Differences in glucose utilization, measured by glucose 
tolerance tests or glycosuria after ingestion of carbohydrate, 
have been observed by many workers since Hofmeister wrote 
of “hunger diabetes” as far back as 1890. The literature 
has been reviewed by Chambers (’38) and by Peters (’45). 
The effects of a high fat diet and of fasting were formerly 
thought to be the same, however. The present work demon- 
strates that the effects of a high fat or high carbohydrate diet 
persist over a large part of the subsequent fasting survival 
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period, and are therefore superimposed upon the metabolic 
changes due to fasting alone. 

The recent report of Lundbaek and Stevenson (’48) indi- 
cates that the voluntary muscle of a carbohydrate-fed rat 
utilizes glucose in vitro at twice the rate of that of the fat-fed 
animal when both are exposed to the same environment. 
Apparently this excess utilization is for energy, since gly- 
cogen storage was the same in both groups. Gilmore and 
Samuels (’48) of this laboratory have confirmed the difference 
in glucose utilization by diaphragmatic muscle and have shown 
that a similar difference prevails in the rate of glycogen 
disappearance when diaphragms from carbohydrate- or fat- 
fed rats are incubated aerobically in a glucose-free medium. 
It would appear, therefore, that the local cellular metabolic 
system is affected. 

The increase in the blood sugar level of the previously 
fat-fed rats during exercise is probably explained by the stim- 
ulation of glucose formation from glycogen due to epinephrine 
release, and by the stimulating effect of exercise on the release 
of the 11-oxygenated steroids from the adrenal. These in- 
crease the breakdown of protein to carbohydrate and at the 
same time decrease glucose oxidation. Probably both types of 
hormones were released in both groups of rats, but in the 
fat-fed group the oxidation of carbohydrate was already de- 
creased at the expense of fat ; the glucose mobilized by hor- 
mones therefore accumulated. In the carbohydrate-fed group 
the oxidation of glucose was sufficient to leave the animal in 
glucose balance. 

The marked effect on voluntary activity which followed the 
change from a mixed diet to one having one major source 
of energy raises the question of the influence of mixed diets 
on exercise and survival during fasting. Perhaps the omnivore 
is in an optimum state when the diet is a mixed one rather 
than when any single foodstuff predominates. If, however, 
one foodstuff is to constitute the major source of energy, it 
would appear that chances for survival under fasting and 
stress are best when a high fat diet has been eaten. 
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CONCLUSIONS 

With, the rat as the experimental animal the administration 
of a high fat diet (fat furnishing 80% of calories) led to longer 
survival during subsequent fasting and the ability to do 
greater amounts of work before exhaustion than a high car- 
bohydrate or high protein diet fed in equicaloric amounts. 
The protein-fed rats survived for the shortest period. 

The difference between the fat and carbohydrate groups 
could be accounted for on the basis of the difference in the 
metabolic mixture used and the lower voluntary activity of 
the fat-fed animals. The early deaths of rats previously on 
a high protein diet were not explained by these experiments. 
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MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWARD 

Nominations are solicited for the 1949 Award of $1000, 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute in the 
spring of 1949. 

The Award will be given to the laboratory (non-clinical) 
or clinical research worker in the United States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year, January 1 to December 31, the most 
meritorious scientific report dealing with the field of the 
‘B-complex’ vitamins. While the award will be given primarily 
for publication of specific papers, the judges are given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the award be made to a worker for valuable 
contributions over an extended period but not necessarily 
representative of a given year. Membership in the American 
Institute of Nutrition is not a requisite of eligibility for the 
award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1948 must be in the 
hands of the Chairman of the Nominating Committee by 
January 15, 1949. The nominations should be accompanied by 
such data relative to the nominee and his research as will 
facilitate the task of the Committee of Judges in its con- 
sideration of the nomination. 

Harold H. Williams 
Cornell University , Ithaca , N. Y> 

Chairman, Nominating Committee 
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BORDEN AWARD IN NUTRITION 


Nominations are solicited for the 1949 Award of $1000, and 
a gold medal made available by the Borden Company Founda- 
tion, Inc. The American Institute of Nutrition will make this 
award in recognition of distinctive research by investigators 
in the United States and Canada which has emphasized the 
nutritive significance of the components of milk or of dairy 
products. The award will be made primarily for the publica- 
tion of specific papers, but the judges may recommend that it 
be given for important contributions over an extended period 
of time. The award may be divided between two or more 
investigators. Employees of the Borden Company are not 
eligible for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute in the spring of 1949. To be considered for 
the award, nominations must be in the hands of the Chairman 
of the Nominating Committee by January 15, 1949. The 
nominations should be accompanied by such data relative to 
the nominee and his research as will facilitate consideration 
for the award. 


James M. Orten 
College of Medicine , 
Wayne University, 
Detroit , Michigan 

Chairman, Nominating Committee 
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OSBOENE AND MENDEL AW A ED 


Nominations are invited for the Osborne and Mendel Award 
of $1000, established by the Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a 
Jury of Award, has made the most significant published con- 
tribution in the year preceding the annual meeting of the 
Institute, or who has published a series of contemporary 
papers of outstanding significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may 
be divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of 
time, are not excluded from consideration. Membership in the 
Institute of Nutrition is not a requirement for eligibility and 
there is no limitation as to age. 

Nominations may be made by anyone. Nominations for the 
1949 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating Committee before January 15, 1949. 

D. W. Woolley 

Rockefeller Institute for 

Medical Research, New York, N . Y . 

Chairman, Nominating Committee 
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MAGNESIUM IN THE NUTRITION OF THE RABBIT 1 


H. 0. KUNKEL AND P. B. PEAESON 

Department of Biochemistry and Nutrition, Agricultural and Mechanical College 
of Texas , College Station 

FIVE FIGURES 

(Eeceived for publication July 22, 194$ , 

The symptoms developed during magnesium deprivation in 
the rat have been well described (Kruse, Orent and McCollum, 
’32; Tufts and Greenberg, ’38). Because of the anatomical 
and physiological character of herbivorous animals, their 
dietary requirements are somewhat different from those of 
the rat (Olcese, Pearson and Schweigert, ’48). 

The development of a purified diet supporting nearly nor- 
mal growth in the rabbit, which has a herbivorous dietary 
habit (Wooley and Sebrell, ’45), and the small size of this 
animal have made possible the further study under laboratory 
conditions of the dietary requirements of herbivora. The 
studies reported here were conducted in order to ascertain 
the effect of magnesium deficiency on rabbits and to obtain 
information on the quantitative requirement of these animals 
for magnesium. 


EXPERIMENTAL 

Weanling New Zealand white rabbits of both sexes, 5 to 6 
weeks of age and weighing from 0.6 to 1.3 kg, were used in 
these experiments. Food and distilled water were given ad 

1 This work was supported in part by a grant from the Dow Chemical Company, 
Preeport, Texas, through the Texas A. and M. Research Foundation. Acknowledg- 
ments are made to Patricia Sparks for technical assistance with some of the work. 
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libitum except when the rabbits became diarrheal, at which 
times the water supply was limited to about half that normally 
consumed. The rabbits were weighed weekly during the ex- 
perimental period and were confined to wire-bottom cages in 
groups of three or 4. 

Blood samples were obtained from the rabbits by cardiac 
puncture without anesthesia. The plasma and whole blood 
ma gnesi um were determined by the method described by 
Kunkel, Pearson and Schweigert (’47). Serum calcium was 
determined by the method of Kramer and Tisdall (’21) as 
modified by Clark and Collip (’25). Hematocrit readings 
were made with the use of Wintrobe hematocrit tubes centri- 
fuging at about 3500 r.p.m. for one hour. 

As a result of the simultaneous investigation of the ade- 
quacy of various purified diets for the rabbit and of the 
necessity of preparing diets as low in magnesium as prac- 
ticable, three diets were used. The composition of these diets 
is shown in table 1. Since facilities for refrigeration were 
limited, the rations were generally mixed in lots of 5 kg or 
less in order to avoid rancidity. In the later series of these 
experiments, where graded levels of magnesium w r ere required, 
the diets containing the intermediate levels were prepared by 
mixing proportionate amounts of the rations containing the 
extreme levels. More than 70 rabbits were used in these 
investigations. 


RESULTS AND DISCUSSION 

The first experiment was an exploratory one to determine 
the adequacy of a diet containing a 1 : 20 liver concentrate as 
the source of unknown vitamin factors needing further in- 
vestigation in studying the requirement of the rabbit for 
magnesium. A group of 6 rabbits was fed diet 10, which con- 
tained approximately 6 mg of magnesium per 100 gm (deter- 
mined by the method of Lindner, ’44). A similar group of 6 
animals served as a control and received this diet supple- 
mented with 40 mg of magnesium per 100 gm of diet. 
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After 7 weeks the performances of both groups were not 
significantly different. One animal in the group receiving the 
low magnesium diet died during the 4th week, after severe 
diarrhea, but later results indicated that this could not be 
specifically attributed to magnesium deprivation. The mean 
rate of gain for the group fed the low level of magnesium was 
165 mg per week with a standard deviation of ± 16 gm, as 

TABLE 1 

Composition of experimental diets 1 


ingredients 

10 

DIET NUMBER 

13 

17 


urn 

gm 

gm 

Casein 

20 

22 

22 

Peanut oil 

10 

8 


Corn oil (Mazola) 



8 

Cerelose 

47.9 

53.9 

51.9 

Cellulose 

12 

12 

12 

Salts IV-A 2 

3.6 

3.6 

3.6 

Wood flour 

2 



Liver extract, 1:20 (Wilson and Co.) 

4 


2 

Fortified cod liver oil 

0.5 

0.5 

0.5 


1 The diets were supplemented with the following vitamins in mg/kg: choline 
chloride 2000, niacin 200, inositol 100, mixed toeopherols 150, 2 -methyl, 1-4-naphtho- 
quinone 0.75, pyridoxino 7, thiamine 7, riboflavin 7, and calcium pantothenate 15, 
with the exception that the two last vitamins were not added to diet no. 10. 

2 The e ‘ salts IV-A ,; mixture was prepared according to the formula for salts IV 
described by Negated et al. ( } 41), except that the magnesium sulfate was omitted. 


compared with 194 gm per week with a standard deviation of 
± 61 gm for the control group. Because of the wide varia- 
bility in the rates of gain of the animals in the control group, 
the difference here was not considered significant. None of 
the symptoms characteristic of a magnesium deficiency in 
other species was observed. 

At this stage of the experiment it appeared that the mag- 
nesium level of the basal diet was adequate to meet the needs 
of the rabbit. The males therefore were sacrificed and the 
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magnesium content of the plasma and whole blood cells de- 
termined. A significant difference in these values for the two 
groups was found. The mean magnesium level of plasma for 
the males receiving 6 mg magnesium per 100 gm of diet was 
1.0 mg per 100 ml, as compared with 1.3 mg per 100 ml for 
the controls. The mean magnesium contents of the erythro- 
cytes were 6.9 mg and 9.7 mg per 100 ml for the respective 
dietary treatments. 

The 5 females, three in the group receiving the low mag- 
nesium diet and two in the control group, were continued on 
the dietary regimens until all the animals in the deficient 
group died. By the 10th week a definite decrease in the 
growth rate of the deficient animals was noted. They began 
to show alarm and apprehension at the sound of unusual 
noises. During the 16th week one rabbit suffered a convulsive 
seizure in which it ran frantically about the cage, and fell on 
its side in tonic-clonic spasms with eyes dilated and bulging 
and vasoconstriction of the cutaneous system. When the con- 
vulsive seizure ended the animal lay exhausted on its side, hut 
complete recovery occurred in about half an hour (figs. 1-4). 
Similar seizures were observed in the other deficient animals 
and the same pattern was noted. One of these rabbits survived 
18 observed audiogenic convulsions. 

The deficient females survived from 20 to 25 weeks on diet 
10, containing 6 mg of magnesium per 100 gm. A loss of 
weight and a generally unthrifty appearance became evident 
during the latter part of the experimental period. After the 
18th week attempts were made to breed the animals to nor- 
mal males. Several tries were required in each case before 
the male was accepted. Death in all three deficient animals 
followed 8 to 10 days after mating. Post-mortem examination 
of one animal revealed that ovulation had taken place and 
was followed by apparent fertilization and fetal implantation, 
death and resorption. 

The two control females continued to grow normally, as 
evidenced by the fact that from the 8t,h to the 14th week the 
average growth was 155 gm per week as compared with simi- 
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lar females which gained 111 gm per week while fed a com- 
mercial stock diet. From this it appeared that 40 mg of 
magnesium per 100 gm of diet fed under the conditions of 
this study were adequate to meet the requirements of the 
growing rabbit. 



Fig. 1 Magnesium-deficient rabbit apparently normal in appearance before 
convulsions. 

Tig. 2 The same rabbit immediately after the onset of convulsions induced by 
the sound of an air blast. 

Pig. 3 The rabbit immediately following the cessation of convulsions. 

rig. 4 About 5 minutes after the convulsions, the rabbit showing a progres- 
sive recovery. 
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Since the magnesium content of diet 10 appeared to be too 
high to produce an acute deficiency, a second experiment was 
designed using diet 13, which contained less than lmg of 
magnesium per 100 gm. Three groups of 5 rabbits each were 
fed diets containing 40, 6, and less than 1 mg of magnesium in 
100 gm of the respective diets. Two of the rabbits in each of 
the low magnesium groups and one in the group receiving 



Fig. o Effect of magnesium deficiency and the subsequent feeding of magnesium 
on growth of rabbits. 


40 mg of magnesium in 100 gm of diet died after severe 
diarrhea during the third and 4th weeks. 

The symptoms resulting from magnesium deprivation in 
this experiment seemed to be somewhat more severe than in the 
preceding one. Retardation of growth was evident by the 
third week. Convulsions could be induced by the sound of 
escaping air in the 5th week. A loss of weight and extreme 
emaciation soon followed the onset of convulsions. By the 
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9th week all but two animals in the deficient groups were 
dead. Gross examination of the kidneys of the dead animals 
revealed a mottled, bloody appearance. Whole blood mag- 
nesium of the deficient rabbits after 5 weeks on the experi- 
mental diet showed a very significant decrease to a mean 
value of 3 .4 mg magnesium per 100 ml, as compared with 5.5 
mg per 100 ml of the blood of animals receiving 40 mg of 
magnesium per 100 gm of diet. Values as low as 1.8 and 2.4 mg 
magnesium per 100 ml of whole blood of deficient animals 
were recorded after the 6th week of the experimental period. 
Vasodilatation and hyperemia, the symptoms reported to he 
peculiar to magnesium deficiency in the rat and dog, were 
not observed in any of the rabbits fed diets low in magnesium. 

During the 10th week the two surviving animals on the de- 
ficient diets were changed to the diet containing 40 mg of 
magnesium per 100 gm. There was an immediate response in 
the rate of growth (fig. 5). 

Quantitative requirements 

The results of these experiments indicate that the quanti- 
tative requirement of the rabbit for magnesium under the 
conditions described is somewhere between 6 and 40 mg per 
100 gm of diet. Studies were conducted in which graded levels 
of magnesium as the sulfate form were fed, to determine the 
approximate requirement of the rabbit for magnesium and to 
obtain information on the subacute deficiency. Other investi- 
gations on the adequacy of various purified diets (Kunkel, 
Simpson, Pearson, Olcese and Schweigert, ’48) indicate that 
factors in the liver concentrate are required for maximum 
growth and general well-being of the growing rabbit. Liver 
concentrate was therefore included in diet 17, which was the 
diet used during the subsequent phases of this study. 

The criteria used for the adequacy of the magnesium intake 
were clinical manifestations, growth and the magnesium con- 
tent of the whole blood. 

Ten levels of magnesium, ranging from 7.5 to 47.5 mg per 
100 gm of diet were fed. The experimental period was 10 
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weeks. Blood was drawn, at the second, 4th, 6th, 8th and 10th 
week for determination of the magnesium content. There 
was a progressive decline to the 8th week in the magnesium 
content of the blood of rabbits receiving 25.0 mg or less of 
magnesium per 100 gm of diet : the decline was more severe 
in the rabbits on the lower levels of magnesium intake. There 
was no significant difference between the blood magnesium 
values at the 8th and 10th weeks. 

Rabbits fed a diet providing 17.5 mg of magnesium per 100 
gm of diet were subject to audiogenic convulsions and other 
manifestations characteristic of a magnesium deficiency. The 
growth rate of rabbits receiving diets containing 17.5 mg of 


TABLE 2 

Comparison of the effect of magnesium deprivation on the magnesium content of 
whole blood and plasma of rabbits 


ON DIETS WITH MAGNESIUM CONTENT 

EXPERI- 

MENTAL 

PERIOD 

Less than 20 mg/100 gm 

37.5 to 47.5 mg/100 gm 

Whole blood 

Plasma 

Whole blood Plasma 

10 weeks 

(all values are mg magnesium/ 100 ml blood or plasma) 

3.15 ± 0.75 (25) 1 1.00 ± 0.22 (10) 4.36 ±0.92 (16) 1.61 ± 0.38 (8) 


1 Mean value and standard deviation. Number in parentheses indicates number 
of animals. 


magnesium per 100 gm was 119 gm per week, as compared to 
gains ranging from 145 to 165 gm with 22.5 mg or more of 
magnesium. 

The average magnesium content of the blood of rabbits fed 
diets containing 27.5 mg or less of magnesium per 100 gm was 
less than 4.0 mg per 100 ml, whereas when the intake was 
32.5 mg of magnesium per 100 gm of diet the level in the blood 
was 4.6 mg per 100 ml or higher. 

Data on the magnesium content of the whole blood and 
plasma after 10 weeks on the experimental diets are sum- 
marized in table 2. Those rabbits fed 20 mg or less of mag- 
nesium per 100 gm of diet have been averaged together and 
those fed 37.5 mg or more similarly averaged. It is recognized 
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that rabbits fed levels of magnesium between these levels may 
have been near the borderline of adequacy of magnesium in- 
take. A diet providing 20 mg or less of magnesium per 100 gm 
of ration results in levels of magnesium in both the plasma 
and whole blood that are significantly lower than those on 
diets providing 37.5 mg or more of magnesium per 100 gm. 

The level of calcium in the blood was not affected by the 
magnesium deprivation. The mean value of serum calcium 
was 15.5 mg per 100 ml, with no difference among the various 
groups. Slightly lowered blood cell volume was noted in the 
more deficient animals. 

Since there were no clinical or biochemical manifestations 
of a magnesium deficiency on diets providing 32.5 mg or more 
magnesium per 100 gm, the data indicate that the magnesium 
requirement of the rabbit is between 30 and 40 mg per 100 gm 
of diet when the magnesium is furnished as the sulfate salt. 
This level is somewhat higher than that of 20 mg of magnesium 
per 100 gm of diet which appears to satisfy the requirements 
of the rat (Kunkel and Pearson, ’48). 

SUMMARY 

Weanling rabbits fed a diet deficient in magnesium exhibit 
within a period of three to 6 weeks a syndrome involving 
hyperexcitability, convulsions, hypomagnesemia, and retarda- 
tion of growth. The addition of magnesium to the diet of 
rabbits that have ceased to grow results in a prompt resump- 
tion of growth. The vasodilatation characteristic of mag- 
nesium deficiency in rats and dogs was not observed in rabbits. 

The magnesium content of the blood of rabbits fed a diet 
adequate to prevent symptoms of a magnesium deficiency was 
approximately 4.4 mg per 100 ml, while the level for the 
plasma was about 1.6 mg per 100 ml. On a diet containing 20 
mg or less of magnesium per 100 gm of diet the level in the 
blood shows a progressive decline to about the 8th week of 
about 3.1 mg per 100 ml for whole blood and 1.0 mg per 100 ml 
for plasma. 
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The magnesium requirement of the rabbit appears to be 
between 30 and 40 mg per 100 gm of diet. 
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TWO PICTURES 

(Received for publication July 6, 1948) 

It is a common observation in laboratories engaged in rat 
growth studies that animals growing poorly ingest less food. 
In repletion studies such as those described by Cannon and 
co-workers (’44) animals showing poor weight recoveries 
likewise eat smaller quantities of food. 

The fact that animals growing poorly do ingest less food 
has prompted numerous modifications in technics for the 
study of ration quality wherein attempts are made by one 
means or another to equalize food intakes. A strong positive 
correlation exists between weight gain and food intake. For 
example, Harte and Travers ( ’46) have analyzed data for 279 
male rats fed diets of constant composition except for protein 
quality and found a correlation coefficient of + 0.82 between 
these variables, while similar data on 61 rats fed a diet con- 
taining casein showed a correlation coefficient of + 0.67. 
Hegsted and Worcester ( ’47) studied similar data after logar- 
ithmic transformation of the variables and reported a correla- 
tion coefficient of + 0.88 between the transformed variables. 

Examination of data in the literature and preliminary ob- 
servations suggested the existence of a constant relationship 
between the voluntary caloric intake of growing rats fed ad 
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libitum and the size they attained. The experiments to be 
described in this report were carried out in an attempt to es- 
tablish this relationship for the growing rat. 

In part of the experimental work the design was such that 
analyses of variance enabled the drawing of collateral con- 
clusions on the roles of sex and litter as well. It is worthwhile 
to emphasize, as Addis and associates ( ’48) have done, how 
valuable the application of modern small-sample statistical 
theory to experimental data can be. By means of these tech- 
nics, various aspects of the data of a single well-designed ex- 
periment may be evaluated and hypotheses tested without set- 
ting up a series of individual comparisons. In this way the 
efficiency of experimentation is markedly enhanced and the 
same amount of laboratory work may be made to yield sub- 
stantially more information. 

EXPERIMENTAL 

Two series of tests were carried out. In the first, 7 litters 
born over a period of about one month by breeders from our 
own colony (Sherman strain albino rats, originally obtained 
from Bockland Farms) were used. The litters totalled 17 
males and 21 females. These animals were weaned 21 days 
after birth and fed semi-synthetic Ration A (table 1) ad 
libitum. After 9 weeks all animals except those from one lit- 
ter were transferred to Ration B (table 1) , on which they were 
maintained for an additional three weeks. The ration com- 
positions were designed to make the ration of protein cal- 
ories to total calories the same. 

In the second series of experiments weanling males, pur- 
chased to a weight specification, were used. The general 
technic and ration composition have been described by Harte 
et al. (’47), except that biotin was included in all rations at 
a level of 0.1 mg per kilogram and a series of different pro- 
teins 2 were substituted for the casein used in the experiments 

a Most of the proteins used in this part of the study were provided by the 
Bureau of Biological Research of Rutgers University as part of its program for 
the collaborative study of protein assay methods. The results of growth tests 
with these proteins will be reported elsewhere. 
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cited. Appropriate adjustments in the cornstarch content of 
these rations made them isonitrogenous and they were as- 
sumed to be isocaloric. 

Caloric intakes were calculated from food intakes and the 
caloric values of the rations; the latter were estimated by 
assuming that protein and carbohydrate yield 4 Cal. per gram 
and fat, 9 Cal. per gram. While calorimetric determinations 
might have been preferred, these assumptions were con- 
sidered sufficiently accurate for the present purposes, par- 
ticularly in the light of the uncertainties involved in the 
estimation of surface areas. 

TABLE 1 


Ration composition 1 


COMPONENT 

RATION 

COMPONENT 

RATION 

A 

B 

A 

B 


% 

% 


% 

% 

Dried skim milk 

8.38 

7.25 

Cornstarch 

50.3 

57.0 

Casein 

13.4 

11.6 

Lard 

9.0 

1.0 

Lactalbumin 

3.35 

2.9 

Ruffex 


5.0 

Malt sugar 

8.37 

7.25 





1 In addition, each kg of ration contained salts, 40 gm ; wheat germ oil, 10 gm ; 
cod liver oil, 10 gm; liver extract concentrate (Wilson’s Liver Extract Concen- 
trate, 1:20, was used) 10 gm; choline chloride, 1.8 gm; thiamine hydrochloride, 
5 mg ; riboflavin, 8 mg ; pyridoxine, 6 mg ; calcium pantothenate, 13 mg ; and 
niacin, 13 mg. 

Computed Calories per gram: 4.47 for ration A, 3.84 for ration B. 

The salt mixture used had the same composition as that described by Phillips 
and Hart (’35) but was modified by the addition to their formula of 0.2 gm of 
potassium alum and 1 gm of sodium fluoride. 


In the handling of the data accumulated during the experi- 
mental periods, surface areas of the individual animals were 
estimated from the formula A — 11.36 W 2/3 , reported by 
Carman and Mitchell (’26). Average areas for each animal 
during any given week were obtained by averaging the areas 
corresponding to the weights at the beginning of the week 
and at the end of the week. 
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RESULTS 

The average growth of the animals in the 7 litters used in 
the first experiment, as evidenced by changed body weight, 
is shown in figure 1. This growth was quite satisfactory, 
averaging 4.8 gm per day for the males and 2.8 gm per day 
for the females during the 63 days on Eation A. These data 
fit straight lines in the log weight-reciprocal age coordinate 
system proposed by Zucker and Zucker (’42), with slopes 
differing only slightly from those described as optimum. For 



AGE IN WEEKS 

Fig. 1 Growth curves for male and female rats fed ration A through the 12th 
week of life and ration B thereafter. Of the 17 males and 21 females fed ration A, 
15 males and 17 females were continued on ration B. 


females the slope is 2.74 compared to Zucker ’s 2.83; for males, 
3.54 compared to Zucker ’s 3.71. Evidence of the excellence 
of fit to linearity is found in the values of the rectilinear cor- 
relation coefficients between reciprocal age and log weight, 
which are — 0.9984 for females and — 0.9958 for males. 

"While analyses of variance indicated very clearly that the 
9-week gains for both males and females had substantially 
smaller variance within litters than between litters, this sig- 
nificant difference, which would favor the use of litter mates, 
disappeared when differences in initial weight were taken 
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into consideration by application of the methods of covari- 
ance. Differences in initial weight, sex being the same, had 
a greater influence on weight gain than whether or not the 
animals were litter mates. 

In figure 2 are plotted, for males and females separately, 
the voluntary calorie intakes of these animals calculated as 
Calories per square decimeter per day. The data consistently 
indicate a higher value for the 5th week of life than for the 
4th, but after the 5th week a steady decrease was observed, 
the intake approaching as an approximate limit a value of 
between 12.5 and 13 Cal. per square decimeter per day for 
the animals of both sexes. 



WEEK OF LIFE 


Pig. 2 Bar chart giving mean voluntary caloric intake in Calories per square 
decimeter of body surface per day for weekly intervals. Solid bars represent 
males; open bars, females. Values to the left of the dashed line were obtained 
with ration A; to the right, with ration B. Ration A was fed to 17 males and 
21 females; ration B to 15 males and 17 females. 


A complete analysis of variance of these data, summarized 
in table 2, showed that the observed differences from week 
to week during both the first 9 weeks on the ration containing 
4.47 Cal. per gram, and the last three weeks on the ration con- 
taining 3.84 Cal. per gram, were statisically highly significant. 
On the other hand, during the first 9 weeks the difference 
in caloric intake between the sexes was highly significant 
while during the last three weeks it was not significant. Sim- 
ilarly, for both males and females during the first 9 weeks 
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differences between litters were significant as compared to 
differences within litters, while during the last three weeks 
the inter-litter differences were not significant for either 
sex. 

The second series of experiments were carried out with 
rations practically identical with each other except for pro- 
tein source. At the end of the 5-week feeding period the ani- 
mal weights reflected the differences in protein quality by 

TABLE 2 

Ad libitum calorie consumption — analysis of variance 


source 

OP 

VARIATION 

RATION WITH 

4.47 OAL. /GM 

PED 1 TO 9 WEEKS 
INCLUSIVE 

RATION WITH 

3.84 OAL.. /gm 

EED 10 TO 12 WEEKS 
INCLUSIVE 

Degrees 

of 

freedom 

Mean 

square 

Degrees 

of 

freedom 

Mean 

square 

Between weeks 

8 

296.349 1 

2 

8.061 2 

Within weeks 

333 

2.412 

93 

1.385 

Individuals 

37 

9.757 

31 

2.073 

Sexes 

1 

79.190 2 

1 

3.508 

Within sexes 

36 

7.828 

30 

2.025 

Males 

16 

6.959 

14 

1.231 

Inter-litter 

6 

13.069 3 

5 

0.884 

Intra-litter 

10 

3.294 

9 

1.424 

Females 

20 

8.524 

16 

2.720 

Inter-litter 

6 

20.826 2 

5 

4.827 

Intra-litter 

14 

3.252 

11 

1.763 

Discrepancy 

296 

1.494 

62 

1.040 


1 F value exceeds that tabulated for p = 0.001, 
3 F value exceeds that tabulated for p = 0.01. 

8 F value exceeds that tabulated for p = 0.05. 


ranging from 62 to 169 gm. Voluntary calorie intake in Calor- 
ies per square decimeter per day were computed from the 
data as before. The analysis of variance of these data in- 
dicated that the possibility that the differences in unit caloric 
intake observed with time might be due to chance is extremely 
small (p less than 0.001). Far more striking is the observation 
that the differences in caloric intake with different rations 
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are not statistically significant (p greater than 0.20). In 
table 3 the averages for the unit caloric intakes of the ani- 
mals (all males) receiving these different rations are given, 
as "well as averages of the observed weight ranges and gains. 

TABLE 3 

Weight gains and average caloric intaTces of growing rats on rations containing 
proteins of different qualities (N X 6 £5 = 10%) 


PROTEIN 

SOURCE 

BODY WEIGHT 

CALORIC INTAKE DURING WEEK 

NO. 

OP 

RATS 

Initial 

Gain 1 

1 

2 

3 

4 

5 


gm 

gm, 

Cal./ day/ dm? of body surface 


Casein I 

56.6 ± 1.8 2 

77.6 ± 3.9 

21.2 

18.4 

18.3 

17.5 

16.5 

10 

Casein II 

56.7 ± 1.5 

71.3 ± 2.6 

20.4 

17.6 

16.6 

16.9 

17.7 

9 

Beef 

54.0 ± 1.6 

85.7 ± 6.3 

20.2 

19.2 

18.7 

18.1 

17.1 

9 

Whole egg 

52.6 ± 2.1 

105.4 ± 4.1 

20.9 

19.9 

17.9 

17.1 

16.8 

9 

Peanut flour 

55.3 ± 1.7 

31.3 ± 3.0 

21.0 

19.4 

17.3 

17.9 3 

17.9 s 

10 

Wheat gluten 

56.9 ± 1.8 

14.4 ± 1.8 

19.3 

18.4 

17.7 

17.8 

16.5 

9 

Weighted mean 



20.5 

18.8 

17.8 

17.6 

17.1 



1 Weight gains are those recorded after ad libitum feeding for 5 weeks. 
a Indicated limits represent standard errors of the reported means. 

8 During the latter part of the 4th week and the beginning of the 5th week 
these animals received protein at a somewhat lower level due to an error in making 
up one batch of this ration. 


When these data were calculated on the basis of Calories 
per 100 gram of body weight per day, the analysis of variance 
showed the differences between rations to be very highly 
significant. This recalls the importance of the evidence link- 
ing metabolic phenomena with body surface, as reviewed by 
Brody (’45). Data were also available, but are not reported 
here, on a similar ration containing egg white. It appeared 
that animals fed this ration consumed significantly fewer 
Calories per square decimeter per day, although they grew 
very well. Additional study will be required to verify this 
observation. 

DISCUSSION 

The voluntary eating habits of the growing rat as elucidated 
by these experiments show surprising uniformity from ani- 
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mal to animal. That young males will voluntarily ingest food 
equivalent to more energy per unit of surface area than fe- 
males of the same age might be expected. In humans, boys 
tend to have a higher basal metabolism than girls and this 
difference between the sexes persists well into maturity but 
seems to disappear after about 60 years of age. The analo- 
gous situation with respect to rats has been studied by Mitch- 
ell and Carman (’26). 

The occurrence of a maximum in voluntary unit caloric 
intake during the 5th week of life in the growing rat finds its 
parallel in the presence of a maximum in the relation between 
resting metabolism and age (Brody, ’45). This latter maxi- 
mum seems to occur somewhat later, coinciding roughly with 
an age of 40 days. In some measure, then, the changing vol- 
untary caloric intake reflects, or is reflected by, a changing 
unit resting metabolic rate. 

The energy requirements of the mature rat have been es- 
timated by various workers. Benditt et al. (’48) have shown 
that the utilization of a constant quantity of protein is re- 
stricted when the caloric intake falls below about 12.4 Cal. 
per square decimeter per day in the protein-depleted rat. 
Bosshardt et al. (’46) found that the critical caloric value for 
the growing rat is approximately 12.5 Cal. per square deci- 
meter per day, averaged over a 42-day period. In the light 
of the changing unit demand and the nature of the relation 
between weight and area, this period may be too long to yield 
an entirely valid average. During the most active period of 
growth after weaning our rats voluntarily ingested food 
equivalent to almost twice that number of Calories, but their 
unit consumption tended to decrease quite regularly and ap- 
parently to stabilize in the vicinity of 12.5 to 13 Cal. during the 
14th and 15th weeks of life. 

No correction was made to accord with the viewpoint of 
Cherkin (’48) that dietary nitrogen utilized exclusively for 
protein functions should not be included in estimating the 
energy content of the diet. Since some of the dietary fat and 
carbohydrate may be retained as glycogen or tissue fat, cor- 
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rection in the estimation of their contributions to the total 
Calories would also be required. Whether dietary calories 
from any source are released as heat promptly after ingestion 
or are stored to become potential Calories does not affect the 
over-all bookkeeping necessary to establish the status of cal- 
oric balance. Stored foodstuffs take the form of potential 
Calories, rather than realized Calories, and these considera- 
tions make Cher kin’s argument misleading except in a highly 
specialized, short-term sense. 

Of course if appetite is a factor there is no reason to 
suppose that any relation need exist between the animal’s 
caloric requirements and the number of calories which it 
will voluntarily ingest. There is some indication that this may 
represent the state of affairs when diet composition is mark- 
edly varied. Preliminary observations on adult rats receiving 
protein-free rations indicate that these animals will voluntar- 
ily ingest fewer calories than similar animals offered rations 
containing 5 or 10% casein. Also, when the composition of 
the diet is changed — e.g., from 4% fat to 20% fat — the vol- 
untary caloric intake rises enormously and persists at a high 
level for as long as two weeks before dropping to the pre- 
viously attained plateau value. The situation does not seem 
to be simple because to some extent, at least, the animal eats 
to satiety. For a mature animal maintained on a given diet 
satiation might require, let us say, 18 gm of ration daily. When 
such a diet is replaced by one of higher caloric content, ap- 
proximately the same bulk will be required initially to provide 
the same degree of satiety and as a result the caloric intake 
will rise until metabolic adjustments take place. 

Particular interest attaches to the apparent uniformity 
of voluntary caloric intake on rations differing only in their 
protein quality. Under these conditions, it would appear 
that the primary purpose in eating is to satisfy energy re- 
quirements and that their satisfaction is a function of the age 
and sex (which determine the unit requirement) and the size 
of the animal. Animals of the same age and sex starting at 
the same size will initially ingest equivalent calories, both in 
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totality and per unit of surface area. If as an accidental cor- 
ollary to tlie ingestion of these calories some of the animals 
become larger, they -will voluntarily ingest more calories, 
simply because there are a larger number of units of surface 
area seeking caloric satisfaction. It would appear, then, that 
weight gain is merely incidental to the satisfaction of energy 
demands. So long as the animals are receiving rations of es- 
sentially constant composition, they will ingest just suffi- 
cient food to satisfy their caloric requirements per unit of 
surface area. Differences in food consumption observed with 
different rations will, under these conditions, merely reflect 
differences in animal size. 

In carefully conducted studies with adult dogs, Cowgill 
(■’28) has shown that these animals voluntarily regulate 
their food intakes to satisfy their energy requirements 
and, other things being equal, do so in obedience to the 
so-called surface area law. The present findings with the 
growing rat are in full accord with Cowgill ’s speculative 
extra polation of his findings to the feeding of infants. 

These considerations offer an explanation for the obser- 
vation previously noted that if the protein quality is poor 
the animals ingest less food. An unsuitable assortment of 
amino acids, reflecting deficiencies in the protein’s pattern 
or lack of digestibility, does not permit the formation of new 
tissue. Failure of size to increase has as its consequence the 
reduction of total caloric intake. 

With respect to rats and proteins, one may well say “If 
it’s a poor protein, they won’t eat well,” but it cannot be 
emphasized too strongly that no evidence has been presented 
for the reciprocal statement, “If they won’t eat well, it’s a 
poor protein.” Strong temptation to invert the first state- 
ment into the second has become the basis of reckless infer- 
ences for which no justification exists. 

On cursory examination it would appear that the 9-week 
weight gains are more uniform for animals of the same sex 
and litter than for animals of the same sex chosen randomly 
with respect to litter. This conclusion, however, does not take 
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into consideration variations in initial weights in litter mates 
of the same sex. When appropriate adjustments are made for 
the divergence in weaning weights of litter mates of the same 
sex, then there is just as much uniformity among animals 
of the same sex, age and weaning weight without regard to 
litters as is found in animals of the same sex and litter. Our 
data definitely suggest the possibility that the former cri- 
teria of selection might provide even more uniform animals. 
This is in agreement with the implicit hypothesis of Zucker’s 
growth equation (Zucker and Zucker, ’42), which suggests that 
the growth curve of an optimally-fed animal is uniquely de- 
termined by its weaning weight. For any given strain the 
slope term of Zucker’s equation is given as a constant not 
subject to inter-litter variation. 

SUMMARY 

1. The voluntary food consumptions of 21 female and 17 
male rats from 7 litters were studied during the first 12 weeks 
after weaning. 

2. During the second week after weaning the voluntary 
caloric intake per unit of surface area increases over that 
observed in the first week ; and thereafter it decreases, level- 
ing off at a value between 12.5 and 13 Cal. per square deci- 
meter per day. 

3. To some extent this equilibrium value may be related 
to the proximate composition of the ration. 

4. Given rations of the same proximate composition but 
differing in their ability to promote growth as a consequence 
of differences in protein quality, the voluntary caloric intake 
per unit of surface area per day was constant during 5-week 
growth studies, regardless of the quality of the protein com- 
ponent, when the protein source was casein, beef, whole egg, 
peanut flour or wheat gluten. 

5; This apparent constancy of unit caloric intake empha- 
sizes that the primary urge in the ingestion of food is the 
satisfaction of energy requirements and that, other things 
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being equal, if growth, ensues it is, within limits, an accident 
of the make-up of the ration. 

6. The data indicate that animals will be more uniform in 
their growth responses if they are selected on the basis of 
sex and weight at a given age than if the latter factor is ig- 
nored in favor of the criterion that they be litter mates. 
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INTRODUCTION 

The demonstration that tartrates (Hamilton and Schwartz, 
’33) and citrates (Hamilton and Dewar, ’37 ; Shohl, ’37) pre- 
vent rickets when added to a rickets-producing diet has re- 
sulted in several investigations designed to explain this 
action. Originally it was suggested that acid-base factors 
were largely responsible (Hamilton and Schwartz, ’33) . This 
was confirmed in part by the subsequent work of Shohl (’37), 
who nevertheless showed that this hypothesis was inadequate, 
as did Hamilton and Dewar (’37). The former stated that 
although “the acid reaction and alkali ash factors are neces- 
sary,” an investigation of the complex-forming properties of 
the tartrates and citrates would be of value. The latter in- 
vestigators suggested that the citrates and tartrates may lead 
to a decrease in the availability of calcium, either by complex 
formation or by the formation of insoluble calcium salts other 
than phosphate, thereby increasing the probability of the ab- 
sorption of phosphates and in this manner preventing rickets. 
They showed too that the salts of citric and tartaric acids are 

1 Taken from a thesis submitted by M. K. Borenstein in partial fulfillment of 
the requirements for the degree of Master of Arts, University of South Dakota, 
1947. 
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more effective in rickets prevention than the free acids. The 
work of Hathaway and Meyer (’39) indicates that the po- 
tassium salts are more effective than the sodium salts. Day 
(’40) suggests that the “beneficial effect of citrates is medi- 
ated through the formation of a calcium complex which inter- 
feres less, if at all, with the utilization of phosphorus in 
phytin.” 

In view of the strong probability that complex formation 
may play an important part in the effects of the citrates and 
tartrates, it seemed of interest to determine the effects on 
calcium metabolism of other calcium complex-forming ma- 
terials. Of the complex formers now known, amorphous 
sodium phosphate is probably the most effective. Conse- 
quently, the calcium and phosphorus retentions of rats on the 
Steenbock-Blaek (’25) diet to which amorphous sodium phos- 
phate was added were determined, as well as similar retentions 
of rats on the same basal diet to which was added a crystalline, 
soluble, non-complex-forming phosphate of approximately the 
same composition. 


EXPERIMENTAL METHODS 

Rats and metabolism cages 

Male rats (Sprague-Dawley, Inc., Madison, Wis.) between 
the ages of 24 and 28 days were used. The metabolism cages, 
cylindrical and made of wire mesh, were similar in principle 
to those described by Brooke and Smith (’33). 

Collection of samples 

The collection of urine and feces was carried out essentially 
as described by Brooke and Smith (’33), with the following 
modifications: (1) The acetic acid washed filter papers used 
for collecting the urine were pressed dry on a letter press 
rather than sucked dry on a Buchner funnel; (2) for extrac- 
tion, the filter papers were macerated in a Waring-type 
blender, using the cage washings as the fluid medium. The 
slurry of macerated filter paper and cage washings was al- 
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lowed to settle overnight before filtration and washing by 
suction. The filtrates were evaporated to a convenient volume, 
transferred quantitatively to volumetric flasks and made up 
to volume; aliquots were used for calcium and phosphorus 
determinations. 

The efficiency of the extraction procedure was checked by 
further extraction of the filter paper residue with 2N HC1. 
No calcium was found in the hydrochloric acid extract, and 
phosphorus to the extent of only 0.1% of the total in the urine 
sample was recovered. 2 

Occasionally some spilled dried food remained on a filter 
paper used for the collection of urine. The amount in general 
was small and would not influence the final retention figures. 

Preparation of samples 

For the determination of calcium the urine samples re- 
quired no ashing. Dry ashing of the urine for the determina- 
tion of phosphorus proved to be less satisfactory than a wet 
ashing procedure. The desired aliquot was dried in a pyrex 
digestion tube in a water bath. The residue was heated with 
1 ml of concentrated sulfuric acid until charring occurred, 
then the cautious, drop by drop addition of 2 to 5 drops of 
perchloric acid while heating was continued served to com- 
plete the digestion. During heating the tubes were covered 
with a cone-shaped piece of pyrex glass about one inch high, 
with its apex downward and offset so as to return any con- 
densate along the wall of the tube. The base of the cone, which 
rested on the lip of the digestion tube, was flared unevenly 
in order to •mini mize the effects of “bumping.” 

The feces were ashed by the method of Berggren (’32). The 
ashed samples were taken up with 1 ml of distilled water and 
1 ml of concentrated hydrochloric acid, heated on the water 
bath for 30 minutes (water and acid being replaced as they 
evaporated), transferred quantitatively to volumetric flasks, 
and aliquots taken for analysis. 

2 No correction was made for this in computing the final results, since the amount 
is insignificant. 
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Analytical methods 

Calcium was precipitated as the oxalate from aliquots of 
both urine extract and feces ash by the method of Van Slyke 
and Sendroy (’29), washed, dissolved in IN sulfuric acid, 
and titrated with 0.01 N potassium permanganate using the 
modified Tisdall-Kramer method as described by Clark and 
Collip (’25). The determinations were checked from time to 
time by the use of solutions of known calcium content. 

Phosphorus was determined on the ashed urine and feces 
by the method of Piske and Subbarow (’25) using a Coleman 
spectrophotometer. Phosphates were run in groups of 20 to 
40 individual determinations and a standard curve was made 
for each group. Check determinations were run periodically, 
using the volumetric method of Lundell and Hoffman (’24). 

All analyses were run in duplicate, and in any instance 
where duplicate determinations of either calcium or phos- 
phorus failed to agree to within 5 parts per 100, both deter- 
minations were repeated. 


Diets 

The Steenbock-Black ( ’25) rickets-producing diet was used 
as the basal diet. Amorphous sodium phosphate with a ratio 
of Na 2 0 to P 2 0 3 of about 1.1 to 1 was used as received. 3 
Crystalline soluble sodium phosphate with approximately the 
same ratio of Na 2 0 to P 2 O r , was purified before use by re- 
crystallization from hot water. The calcium and phosphorus 
content of each diet was determined by the methods previously 
indicated. Samples for analysis were obtained in each case by 
quartering from 330 gm of the well mixed diet. The calcium 
and phosphorus contents of the diets used are shown in table 1. 

As will be noted, there is some slight variation in diet 
compositions. This is probably due to the fact that each diet 

3 The phosphates used in this work were obtained through the courtesy of 
Calgon, Inc., Pittsburgh, Pa. The amorphous material is commonly known as 
sodium “hexametaphosphate. ” The soluble crystalline substance is called sodium 
‘ c trimetaphosphate . 7 f To save space the former will be called Am.P., the latter 
Cry.P., in this paper. 
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was mixed separately and that during the course of this 
work the supply of some of the dietary components was 
replenished. 


General procedure 

Each animal was kept throughout the experiment in an indi- 
vidual cage. Cages were cleaned and food and water renewed 
three times weekly. Once a week each cage was washed down 
thoroughly with hot distilled water and 2 N acetic acid. The 
excreta for each rat were combined for a one-week period. Each 
experiment lasted for 4 weeks. Eats were handled in groups 

TABLE 1 

Calcium and phosphorus contents of diets used 



DIET 


Ca 

P 

Ca/P 




% 

% 


1. 

Steenbock-Black 

(a) 

1.30 

0.33 

3.94 


(Five different 

(b> 

1.28 

0.35 

3.66 


mixes were used 

<«) 

1.19 

0.27 

4.41 


in the course of 

(d) 

1.17 

0.26 

4.50 


this work.) 

(e) 

1.15 

0.25 

4.60 

2. 

Steenbock-Black + 7% Am.P. 1 

1.19 

2.54 

0.47 

3. 

Steenbock-Black + 

7% Cry.P. 2 

1.05 

2.13 

0.49 

4. 

Steenbock-Black + 34% Am.P. 

1.16 

1.34 

0.87 

5. 

Steenbock-Black + 34 % Cry.P. 

1.14 

1.28 

0.89 


1 Amorphous material commonly known as sodium ‘ 1 hexametaphosphate . 3 1 
8 Crystalline substance called sodium e ‘ trimetaphosphate. M 


of 12. Six animals were maintained on the phosphate-contain- 
ing diet under experiment, three were maintained on the same 
diet supplemented with 30 I.U. of vitamin D for every 5 gm of 
food consumed, and three were kept on the unaltered Steen- 
bock-Black diet. A preliminary experiment with 6 rats on the 
basal Steenbock-Black diet was carried out as a check on 
procedure before any work with the phosphates was begun. 

When the 4-week experimental period had elapsed, all rats 
were killed and x-rayed to determine the presence or absence 
of rickets. 
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RESULTS AND DISCUSSION 

A s umma ry of the results of the analyses carried out during 
the course of this work is given in table 2. 

A study of the data obtained based on one of the usual tests 
for si gnifi cance (Snedecor, ’40) indicates the following: 

1. The amorphous sodium phosphate used, when added to 
the Steenbock-Black diet in the amount of 7%, results in 
greater calcium retention than that observed when the same 
amount of crystalline phosphate of approximately the same 
composition is used, although the Ca to P ratios for the diets 
arealmost equal (t = 6.1). 

2. When the phosphates are added to the diets in amounts 
of 3i% of the total weight, differences of little or no signifi- 
cance are observed between the calcium retention of the rats 
on one diet and that of the rats on the other. 

3. The ingestion of vitamin D by the rats on the diets 
containing either 7% or %\°fo of the phosphates did not alter 
the results significantly from those obtained without the added 
vitamin. 

Previous work with the complex phosphates has not been 
extensive and in general is not strictly comparable to the work 
herein reported. Shelling in 1932 found that parathyroidecto- 
mized rats fed on a low-calcium, high-phosphorus diet devel- 
oped tetany, while those maintained on a high-calcium, 
low-phosphorus diet did not show symptoms of this disorder. 
In addition, he noted that the rats had a tendency to refuse 
the tetany producing diet, lose weight, and become cachectic. 
In this connection it was observed that the high-phosphorus 
diets would induce the tetany symptoms in the rat when the 
phosphorus was in the form of the ortho- or pyrophosphate ; 
when it was in the form of the metaphosphate or hypophos- 
phate it was ineffective in producing tetany. On the basis of 
these observations Shelling assumed that the metaphosphate 
and the hypophosphate are “either inert biologically or 
excreted unchanged.” 

The data presented in the present paper indicate that Am.P. 
(amorphous sodium hexametaphosphate) and Cry.P. (soluble 
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Ca and P retentions for each of the diets used 1 
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crystalline sodium trimetapliospliate) are not inert, or at least 
that they are absorbed from the diet as evidenced by the 
large increases in urinary phosphorus when they are ingested; 
that Am.P. is effective biologically is shown by the increase in 
the calcium retention of rats to which it is fed. Furthermore, 
fresh samples of either material show only traces of ortho<- 
phosphate, whereas fresh urine samples from rats fed diets 
containing. either of these substances showed large amounts 
of orthophosphate, indicating that they are hydrolyzed in the 
body. Thus, it is probable that the metaphosphate to which 
Shelling refers was neither Am.P. nor Cry.P. but rather a 
commercially available insoluble crystalline material which 
may, in fact, because of its relatively poor solubility, be inert. 

Similarly, Fraser and his co-workers ( ’46) report that the 
insoluble sodium metaphosphate is far less available when 
fed to rats on a phosphorus-deficient diet than the soluble 
orthophosphate. They also found that the orthophosphate is 
more effective in stimulating the storing of both phosphorus 
and calcium, particularly when oxalate or ferric ions are 
present in the diet. This is not too surprising in view of the 
relative solubilities of the particular phosphates used. These 
authors also report an experiment involving retentions of 
calcium and phosphorus on a low-phosphorus diet in the pres- 
ence of ferric citrate, where a loss of calcium is noted which 
is obviously due to a loss of soft tissue. Since the diets they 
used differ markedly in phosphate content from those herein 
reported, comparison of their results with those obtained in 
this work is not possible. 

In another report involving the addition of Am.P. to the 
diet of rats, Schwartz and his co-workers (’40) observed the 
effect of Am.P. treated milk on a group of rats and found that 
the daily urinary output of calcium and the net calcium re- 
tention were increased while the daily fecal calcium was 
decreased. 

Murray (’40), investigating the pharmacological action of 
the metaphosphates, found that the introduction of Am.P. 
into the blood stream would result in symptoms such as might 
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be expected with the removal of calcium ions from the blood. 
He also showed that when calcium and the amorphous meta- 
phosphate were mixed prior to injection into the blood stream 
the above effects were not elicited. No symptoms of tetany 
were observed in the course of this study. It would appear, 
therefore, that Am.P. is normally absorbed with sufficient 
calcium to nullify its tetany-producing properties or that it is 
hydrolyzed during the course of absorption to orthophosphate 
and after absorption behaves as does the latter. 

From these reports and the data obtained in the present 
investigation it is obvious that the soluble complex phosphates, 
at least insofar as Am.P. and Cry.P. are concerned, are ab- 
sorbed and excreted and are physiologically active, in that 
they appear to exhibit in vivo the same properties that they 
exhibit in vitro. 

Am.P., which forms complexes with calcium in vitro, does 
increase calcium retention significantly when added to the 
Steenbock-Black diet in 7% quantities. Cry.P., which does not 
form complexes in vitro, does not have a corresponding effect 
when added in the same amount. Since both of these materials 
are neutral in character, the increased calcitim retention when 
Am.P. is used can at present be explained only in terms of its 
complex-forming properties. Thus in the digestive tract the 
presence of a sufficient quantity of Am.P. probably results in 
the formation of a soluble calcium-metaphosphate complex 
ion, 4 which is absorbed. Any excess phosphate and calcium 
are excreted through the kidneys except for the probably in- 
significant amount excreted through the intestines, the rest 
being retained. 

In the presence of Cry.P., which does not react with calcium, 
calcium and Cry.P. are absorbed independently. After or 
during absorption the Cry.P. is hydrolyzed to orthophosphate, 
the excess excreted, and the remainder retained with calcium. 

In the presence of water both substances are hydrolyzed 
finally to the orthophosphate with a velocity determined by 

4 The chemistry of these materials is discussed in greater detail by Schwartz et 
al. (’40). 
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concentration, pH, temperature and other factors. It is not 
likely that such hydrolysis takes place to any appreciable ex- 
tent in the digestive tract since, if it did, no great difference 
in results between using Am.P. and Cry.P. would have been 
observed. Furthermore it is not likely, for the reasons 
previously given, that these substances pass into the blood 
unchanged. Thus it would appear that they are both absorbed 
as complex phosphates, with or without calcium as the case 
may be, and that during or after this process are hydrolyzed 
to orthophosphate, the excess of which is subsequently 
excreted. 

When only 31% of the phosphates is added to the diets, no 
significant difference in calcium retention is observed. A 
possible explanation may lie in the chemical properties of 
Am.P. It is well known that if Am.P. is carefully added to a 
calcium solution a gelatinous precipitate forms, possibly 
[Ca(P0 3 ) 2 ]n- This is relatively insoluble but is dissolved by an 
excess of Am.P. When 34% of the latter is added to the diet 
it is conceivable, therefore, that [Ca(P0 3 ) 3 ]n is the predomi- 
nant result, rather than the soluble complex ion. Since the 
former is relatively insoluble, no increase in absorption would 
necessarily result. This would appear to be the case if it is 
assumed that all calcium not appearing in the feces is absorbed. 
As might be expected, the addition of vitamin D to the phos- 
phorus-rich diets did not alter the results significantly. 

No rickets could be detected by x-ray examination of the 
rats on any of the phosphate supplemented diets. The change 
of the calcium-phosphorus ratio by the addition of the phos- 
phates obviously renders the Steenbock-Blaek diet ineffective 
in the production of rickets. All control rats on the basal diet 
without added phosphates did develop rickets. 

A severe diarrhea was noted within a few days after the 
rats were placed on the diets containing both the amorphous 
and crystalline sodium metaphosphates at a level of 7%. The 
high concentration of salts, with the probable concomitant 
dehydration of the gastrointestinal tract resulting in an in- 
crease of fluid in the alimentary tract, seems to be the under- 
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lying cause. Since no diarrhea was observed when the a nima ls 
were maintained on the diet containing 31% added phosphates, 
it can safely be surmised that the phosphate itself does not 
have a specific effect on the production of diarrhea. In addi- 
tion to the symptoms of diarrhea, the animals on the diet 
containing 7% of phosphate excreted urines which had a 
peculiar reddish tinge. Tests for occult blood proved negative. 
No analyses for heme compounds were made. 

Pathological examination of the visceral organs of the rats 
in the experiment using 7 % amorphous metaphosphate failed 
to show any abnormalities, either in microscopic sections 5 
of the visceral organs or on macroscopic examination. A 
cloudy swelling was observed in the tubular epithelium of the 
kidney, which cannot be considered pathological. Diarrhea in 
rats when the amorphous sodium metaphosphate amounted to 
10% of the diet has been reported (Schwartz et al., ’40). The 
results of pathological examination in that study were essen- 
tially the same as those observed in the present investigation. 
The action of the amorphous metaphosphate seems to be 
similar in effect to that of any mineral cathartic. 

As a check on the experimental methods used, groups of 
rachitic control rats on the basal Steenbock-Black diet were 
studied during each expermient. Data were obtained from a 
total of 18 rats and a summary of the observations made is 
presented in table 3. The retentions found are of the same 
order of magnitude as those reported by others, although 
there are some minor differences. While there was considerable 
variation in the absolute quantities of calcium and phos- 
phorus retained, the relation between calcium and phosphorus 
retentions was quite good and all 18 values for the 4-week 
retentions fell quite close to a curve (fig. 1) whose equation 
as found by the method of least squares is 

Log P = 1.37 X 10- s Ca + 1.67 

where P = milligrams of phosphorus retained for a 4-week 

5 The authors are indebted to Dr. Ralph L. Ferguson of the Department of 
Pathology, University of South Dakota School of Medicine, for microscopic 
examination of the animals. 
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TABLE 3 

Ca and P retention of 18 rats on the SteenbocTc-BlacTc diet 1 


WEEK 

INTAKE 



EXCRETION 




RETENTION 



Ca 



P 


Ca 


P 


Ca 

P 

Urine 

Feces 

Total 

Urine Feces 

Total 

Absolute 

> % 

Absolute % 

1 

530 

130 

120 

325 

445 

2 

96 

98 

85 

16.0 

32 

24.6 

2 

551 

136 

130 

346 

476 

2 

97 

99 

75 

13.6 

37 

27.2 

3 

565 

139 

135 

368 

503 

3 

106 

109 

62 

11.0 

30 

21.6 

4 

543 

134 

128 

367 

495 

4 

104 

108 

48 

8.8 

26 

19.4 

Total 

2189 

539 

513 

1406 

1919 

11 

403 

414 

270 

12.3 

125 

23.2 


1 All values are in terms of mg/rat, except as otherwise noted. 


period and Ca = milligrams of calcium retained for a 4-week 
period. 



Eig. 1 Ca vs. log P retentions of rats on Steenbock-Blaek diet. Equation of 
solid line is log P = 1.37 X IQ -3 Ca -+- 1.67. Values shown are in terms of milli- 
grams retained per rat for a 4-week period. 
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It might also be noted that in no case from among the 72 
■weekly phosphorus retention values for the 18 rats on the 
rachitic diet was a phosphorus loss observed, although in a 
few cases (9 out of 72) a weekly loss of calcium was noted; 
three of these 9 involved one rat. It appears, insofar as this 
study is concerned, that phosphorus can be retained without 
calcium but that the latter is not retained without the former. 
It may also be said that for the rats on the Steenbock-Black 
diet retention was poorest on those diets having the greatest 
Ca to P ratios. 


SUMMARY AND CONCLUSIONS 

The hypothesis originally offered to explain the preven- 
tion of rickets in rats on a standard rickets-producing diet 
when the acid salts of citric and tartaric acids are added, was 
that an acid-base factor was involved (Hamilton and Schwartz, 
’33 ; Shohl, ’37). These salts produce an acid medium when in 
the gastrointestinal tract, thus increasing the solubility of the 
calcium and hence its absorption. The alkaline ash resulting 
from the metabolism of these salts provides an environment 
favorable for bone formation. Shohl ( ’37), in addition to con- 
sidering the acid-base factor, suggested the possibility that 
complex formation might also be involved. 

In the present investigation, designed to evaluate the effect 
of complex formation on calcium retention, the factors of 
relative acidity and alkalinity were not apparently involved, 
since the complex-former used and its control material would 
appear to be neutral in character both in the gastrointestinal 
tract and upon metabolism in the body. The enhanced calcium 
retention produced by Am.P. can therefore result insofar as 
is known only from its complex-forming properties. This 
bears out the hypothesis of previous investigators that com- 
plex formation may be an important factor in calcium 
metabolism. 

Summaries are given of data on the Ca and P retentions of 
18 rats maintained on the Steenbock-Black diet, and on the 
relationship between the Ca and P retentions. 
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THE EFFECT OF MIXED TOCOPHEROLS ON MILK 
AND BUTTERFAT PRODUCTION OF THE 
DAIRY COW 1 
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Department of Biochemistry, College of Agriculture , 

University of Wisconsin , Madison 

(Received for publication June 4, 1948) 

Harris et al. (’47) reported a surprising response of farm 
milch cows in butterfat and total milk production when daily 
supplements of 1 gm of mixed tocopherols were fed. An ef- 
fort has been made to confirm these results and the experi- 
mental findings are reported herewith. 

EXPEBIMENTAL 

The plan of this experiment was designed to make use of a 
farm herd of pure-bred Holstein-Friesian cattle. Conditions 
on this farm were average and typical of the management 
practices of the area. Cattle were handled under the so-called 
“loose-run” system. The herd was above average in produc- 
tion and had for the previous three years on Official Herd 
Improvement Registry produced an average in excess of 400 
lb. of butterfat per cow. The care, management and feeding 
of these cattle were directly under the supervision of one of 
the present authors (P.H.P.). Daily records of milk produc- 
tion were kept, but in all data reported here the HIR monthly 

1 Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 

The authors are indebted to the Distillation Products Company, Rochester, Hew 
York, for the mixed tocopherol preparation generously supplied through the co- 
operation of Dr. Philip L. Harris. 
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tests and their estimation of tlie average daily milk produc- 
tion, butterfat yield and per cent fat were used. This placed 
the sampling and testing in the hands of disinterested par- 
ties, and since these records have official acceptance they 
seemed to he sufficiently reliable for our use. 

The cows were divided into two lots of 9 cows each on the 
basis of age, stage of lactation, calving record and potential 
milk production. In most instances daughters of the same 
bull were divided between lots. Since this herd is a line-bred 
herd, the variable due to breeding was somewhat reduced. 
One lot served as the control (Lot I) and the other (Lot II) 
was fed the basal ration plus 21.3 gm of a mixed tocopherol 
preparation, which furnished 1 gm of mixed toeopherols per 
cow per day (the level fed by Harris et al., ’47). This was fed 
once daily by incorporation with the grain mixture in the 
evening feed. No difficulty was experienced in getting the 
cows to eat the mixture. 

The ration used was composed of good quality corn silage 
ensiled in the early dough-to-dough stage of maturity ; alfalfa- 
brome grass hay, field-cured and field-chopped at a theoreti- 
cal length of 1.75 inches ; and a 16% grain ration. The hay 
was estimated to be composed of 40% alfalfa and 60% brome 
for the first cutting and 75% alfalfa and 25% brome for the 
second cutting. The hay was cut at the recommended half- 
bloom stage and since it was “layered” in the barn it was 
possible to feed a mixture of first and second cuttings in the 
ratio of 3:1. The hay was fed ad libitum, mixed in approxi- 
mately this ratio. The grain mixture was composed of the 
following, in pounds : ground wheat 400, ground oats 400, dried 
brewers ’ grain 200, soybean oil meal 100, wheat bran 100, bone 
meal 20, and trace mineralized salt 20. The tocopherol content 
of the ration concentrates was determined by the method of 
Hines and Mattill (’43). The hay averaged 42 mg, the silage 
7 mg and the grain mixture 14 mg of tocopherol per pound on 
an air-dried, uncorrected-moisture basis. The estimation of the 
daily tocopherol ingestion through the ration was approxi- 
mately 1 gm per cow per day (0.99 gm), a figure closely 
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approximating that found occurring naturally in the ration 
used by Harris et al. (’47). 

Two distinct experimental periods were used. Experiment 
I was set up with the two lots of 9 cows each, and in it we 
studied the effect of the incorporation of the mixed toco- 
pherol, as indicated above. Experiment II, beginning at the 
close of Experiment I, was used to test the effect of mixing 
the tocopherols directly with the whole grains of the grain 
mixture at this time of grinding. In Experiment II all cows in 
both lots were fed the grain mixture with the mixed tocopherols 
incorporated. The experimental period for Experiment I lasted 
from December 10, 1947, through March 9, 1948, while Ex- 
periment II began March 10, 1948, and carried through for 6 
weeks. The second experiment was designed to determine 
whether an antioxidation effect was present when the mixed 
tocopherols were placed with the grain mixture before grind- 
ing. Ground whole grains are known to heat after grinding 
and it was thought that the tocopherols might prevent undue 
oxidation. 


RESULTS 


When the results were compiled, it was found that three 
cows had to be eliminated from the records because of pre- 
mature “drying off” or other abnormal conditions. The data 
which show the effect of the feeding of mixed tocopherols 
, upon milk and butterfat production are given in table 1. 

TABLE 1 

Effect upon milk and l utter fat production of feeding Igm daily of mixed tocopherols 


LOT 

NO. 

COWS 

AVERAGE DAILY MILK YIELD 

BY MONTHS 

AVERAGE DAILY BUTTERFAT 

AVERAGE ESTIMATED BUTTERFAT 
YIELD BY MONTHS 

Prior 
(Nov.) 
30 days 


After 


Prior 
(Nov.) 
30 days 


After 


Prior 
(Nov.) 
30 days 


After 


Dec. 

Jan. 

Feb. 

Dec. 

Jan. 

Feb. 

Dec. 

Jan. 

Feb. 



lb. 

lb. 

lb. 

lb. 

% 

% 

% 

% 

lb. 

lb. 

lb. 

to. 

Control 

7 

45.8 

42.4 

42.4 

38.1 

3.5 

3.5 

3.3 

3.7 

48.8 

45.5 

43.7 

40.7 

Toeo- 














pherol- 














focl 

8 

45.4 

41.9 

39.4 

33.4 

3.5 

3.5 

3.6 

3.5 

47.9 

43.7 

44.3 

34.7 
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It is quite evident that the addition of 1 gm of mixed toco- 
pherols daily to the ration of these cows did not increase milk 
production or the total butterfat production per month. There 
was some variation in the per cent of butterfat hut this was 
well within the normal range, and there was no difference 
between groups. Paired as these cows were, there was a re- 
markable similarity in the performances of the two lots. 

Table 2 shows the milk and butterfat yields for all cows 
during Experiment II. Again, there was no increase in either 
milk or butterfat production for this 6-week period and the 
per cent of fat was remai’kably constant. 


TABLE 2 

Effect on both lots of coics of mixing tocopherols with grain mixture at the 

time of grinding 


LOT 

NO. 

COWS 

AVERAGE DAILY 

MILK YIELD BY 
MONTHS 

AVERAGE DAILY 
BUTTEREAT 

AVERAGE ESTIMATED 
BUTTEREAT YIELD 
BY MONTHS 

March 

April 

March 

April 

March 

April 



lb. 

lb. 

% 

% 

lb. 

lb. 

Control 

4 

38.1 

34.0 

3.4 

3.5 

37.8 

35.2 

Tocoplierol 








fed 

7 

34.6 

30.8 

3.4 

3.5 

36.6 

32.5 


In order to make certain that the stage of lactation or that 
age did not affect these results, the data were assembled by 
paired groups, as is shown in table 3. When the cows were 
paired on the basis of the stage of lactation there was no 
difference in milk production between the controls and the 
tocopherol-fed lot. When paired by age, either at the first 
calf heifer stage or at the mature cow level, the differences 
again were not significant. The drop in production was very 
similar in both groups and in most cases the controls pro- 
duced as well or better than the cows fed the tocopherol 
preparations. Any differences appearing in the data are due 
largely to individual variations during the period studied. If 
the butterfat production and per cent of butterfat are ex- 
amined on the basis of pairing by stage of lactation or by 
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age, as in the case of milk production, no significant differ- 
ences are noted (table 4). At the end of the first experimental 
period complete blood analyses for vitamin A and carotene 


TABLE 8 

Effect of feeding tocopherols on the average daily milk production "by months 


LOT 

NO. OF AVERAGE PRIOR 

COWS 30 DAYS 

EXPERIMENTAL PERIOD (MONTH) 

12 3 


ft. 

ft. 

lb. 

lb. 

Cows paired by stage of lactation (8-10 weeks) 


Control 

6 46.8 

44.0 

44.0 

41.0 

Tocopherol-fed 

6 45.7 

44.4 

42.3 

37.9 


Cows paired by age (2-year olds) 



Control 

3 40.5 

39.7 

39.6 

38.1 

Toeopherol-fed 

2 37.2 

37.0 

34.7 

32.6 


Cows paired by age (4-5 years) 



Control 

3 53.0 

48.2 

48.4 

43.9 

Tocopherol-fed 

4 49.9 

45.5 

46.0 

40.5 


TABLE 4 

Effect of tocopherol feeding on the average monthly butterfat production and, 
average fat content of milk 


AVERAGE MONTHLY BUTTERFAT 
PRODUCTION 


AVERAGE FAT CONTENT 
OF MILK 


LOT 


Control 

Tocopherol-fed 


Control 

Toeopherol-fed 


Control 

Toeopherol-fed 


NO. OF 

cows Ave mior 
30 days 


Experimental 
period in months: 


Experimental 

Ave. prior period in months: 
30 days 


lb . ft. ft. 

Cows paired by stage of lactation (8-10 weeks) 


50.1 

49.6 


47.5 

44.6 


44.9 

47.0 


43.1 

39.8 


3.6 

3.6 


Cows paired by age (2 years old) 

42.3 41.5 38.8 39.0 3.5 

37.9 39.1 35.0 35.0 3.4 

Cows paired by age (4 to 5 years old) 

54.8 53.6 50.6 47.3 3.8 

55.4 47.3 51.8 42.5 3.7 


1 

2 

3 

% 

% 

% 

3.5 

3.3 

3.7 

3.5 

3.5 

3.6 

3.5 

3.2 

3.6 

3.4 

3.5 

3.8 

3.6 

3.4 

3.7 

3.4 

3.6 

3.6 
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were made on the entire herd. The control group averaged 
25.2 Mg %>, as compared with the tocopherol-fed group with 
21.4 ng %. Both of these groups were well above the marginal 
level of 15 Mg % and were, therefore, adequately supplied 
with vitamin A. The carotene content was ample in both 
instances. 

A pooled sample of blood, representing 0.2 ml of blood 
plasma for each cow in the lot, was taken at the close of the 
first experiment and the tocopherols estimated according to 
the method of Mayer and Sobotka ( ’42) . The control group 
averaged 0.70 mg % tocopherol, as compared to the toco- 
pherol-fed lot with 0.68 mg %. Apparently the feeding of 
mixed tocopherols did not raise the tocopherol content of the 
blood of these animals. 

It is apparent from these data that we were unable to 
confirm the work of Harris et al. (’47), in that we could not 
produce an increase in either milk production, butterfat pro- 
duction or the per cent of butterfat with the ration used. It is 
possible that the character of the ration, particularly the 
grain portion, differs sufficiently from that used by Harris 
et al. to account for the difference in results. 

SUMMARY AND CONCLUSIONS 

An experiment was set up in which a preparation contain- 
ing 1 gm of mixed tocopherols was fed to milch cows to 
determine its effect upon milk and butterfat production. The 
results indicate definitely that the inclusion in the ration of 
1 gm of mixed tocopherols per cow daily does not influence 
the milk or butterfat yield, and neither does it affect the per 
cent of butterfat present in the milk. These data do not sub- 
stantiate the work of Harris et al. (’47), at least when the 
mixed tocopherols are fed under the conditions prevailing 
during the present experiment. 
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NITROGEN BALANCE INDEX AND SPECIFIC 
DYNAMIC ACTION IN RATS RECEIVING AMINO 
ACID MIXTURES LOW IN ISOLEUCINE, 
METHIONINE OR VALINE 1 - 2 

JOSEPH T. ANDERSON AND E. S. NASSET 
Department of Physiology and Vital Economics , School of Medicine and Dentistry , 
University of Rochester, Rochester , New York 

ONE FIGURE 

(Received for publication June 10, 1948) 

The quality of a diet may be measured in terms of efficiency 
of utilization of energy, nitrogen or some other nutrient. 
Biological value and nitrogen balance index are measures of 
efficiency of utilization of nitrogen, and are preferable to 
body weight observations for the reasons given by Mitchell 
(’44). The efficiency of utilization of energy of the diet can 
be expressed as the “net availability of metabolizable energy” 
(NAME) (Mitchell, ’34) : 

SDA 

Him -i— — « 

SDA is specific dynamic action and ME is metabolizable 
energy. Since ME is that portion of the total energy intake 
which is not lost in the excreta, and SDA is the wasted portion 

1 Many of the data of this paper are taken from a thesis submitted by J oseph 
T. Anderson ( J 47) to the faculty of the Graduate School of the University of 
Rochester in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

2 This investigation was supported in part by grants from Swift and Company 
and from the Navy Department Office of Naval Research. Acknowledgment is 
made to Merck and Company, Hofiman-LaRoche, Inc., and the Lederle Labora- 
tories for gifts of amino aeids and vitamins, amino acids, and folic acid, re- 
spectively. 
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of ME, the above expression gives the fraction available for 
basal metabolic rate, growth, activity and other productive 
processes. 

In a series of diets fed so as to give equal ME, the one 
having the highest NAME will produce the lowest SDA. It 
follows, therefore, that among diets of equal metabolizable 
energy, specific dynamic action is an inverse measure of 
efficiency of energy utilization. Mitchell ( ’34) stated that the 
best diet for energy retention is the one which yields the 
highest NAME. Hamilton (’39) and Forbes and Swift (’44) 
demonstrated that there is an optimum dietary content of 
vitamins, minerals, protein and fat, and that diets which are 
not the optimum in these respects are not utilized by the ani- 
mal at maximum efficiency. 

Gross deficiency of any essential amino acid evidently 
causes a considerable decrease in efficiency of utilization of 
both energy and nitrogen, since animals may continue to eat 
such a deficient diet yet lose weight drastically. It may be 
expected, then, that a diet which is only mildly deficient in 
one essential amino acid will show a small decrease in effi- 
ciency of both nitrogen and energy utilization. 

The purpose of our investigation, the first portion of which 
is described below, was to determine quantitatively by means 
of N balance index and specific dynamic action the influence 
of diets, mildly deficient in one essential amino acid, upon the 
efficiency of utilization of nitrogen and energy for maintenance 
of the mature rat. 


METHODS 

Nitrogen metabolism 

Each group of experimental animals consisted of 10 to 12 
mature male albino rats. The maximum differences in weight 
and age were 50 gm and 15 days, respectively. A single group 
of rats sez’ved for three to 5 consecutive experiments. Series 
20 rats were 34 weeks old and series 40 rats 24 weeks old at 
the time of feeding the first amino acid mixture diet. The 
sequence of feedings in a single cycle were: (1) two or three 
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weeks of recovery diet; (2) one week of N-free diet; (3) one 
week of amino acid mixture diet; (4) one and one-half days of 
fasting. This cycle was repeated as often as seemed desirable. 
The arrangement of the diets was intended to bring the 
average body weight of the animals to the same value at the 
beginning of each amino acid diet period. The N-free period 
served to deplete the protein stores of the rats to a repro- 
ducible extent before each amino acid feeding. 

TABLE X 


Composition of diets 


COMPONENT 

N-FREE DIET 

RECOVERY 

DIET 

1 ‘ Complete } } amino acid mixture 
Dried whole egg 2 

4.19 gm 

per 100 gm diet 1 

20.1 gm 

Sucrose 

65.5 gm 

69.7 gm 

58.3 gm 

Cottonseed oil (Wesson) 

17.4 gm 

17.4 gm 

8.75 gm 

Si0 2 3 or Fe 2 0 a for marker 

2.3 gm 

2.3 gm 

2.3 gm 

Salt mixture (Wesson, ’32) 

4.5 gm 

4.5 gm 

4.5 gm 

Cellu flour 

5.8 gm 

5.8 gm 

5.8 gm 

N from amino acids or egg 
Estimated physiological 

0.53 gm 

0 gm 

1.53 gm 

heat value 

437 Cal. 

437 Cal. 

424 Cal. 


1 One hundred grams of each diet contained 0.92 mg thiamine hydrochloride, 
0.92 mg pyridoxine hydrochloride, 1.15 mg methyl naphthoquinone, 1.84 mg ribo- 
flavin, 4.6 mg niacin amide, 5.1 mg calcium pantothenate, 4.6 mg alpha tocopherol, 
112 mg Navitol containing 65,000 A and 13,000 D units per gram, 115 mg choline 
chloride and, in the series 40 experiments, also 0.06 mg biotin, 0.06 mg folic acid 
and 23 mg inositol. 

8 The dried whole egg contained 7.60% N and 40.5% fat. 

3 Isco blane rouge, Innis Speiden and Co., New York. 


The composition of the diets is given in tables 1 and 2. 
Series 20 rats were fed material furnishing 37.7 Cal./day/rat 
of estimated physiological heat value (metabolizable energy), 
the quantity being the same for every rat and in every period. 
Metabolizable energy was estimated as 4, 9 and 4 Cal. per 
gram of protein, fat and carbohydrate, respectively. Sei'ies 
40 rats were larger and were allowed 40.1 Cal./day/rat. The 
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feeding at the specified caloric intake of the recovery diet, 
which contained 9.6% protein, permitted a slow gain in weight. 

The N intake from the amino acid diets was a little less than 
the N excretion of the rats on the N-free diet. This resulted 
in a negative N balance in all amino acid diet periods which, 
according to the observations of Allison and Anderson ( ’45) 
with dogs, insured a maximum N balance index. 

TABLE 2 

Amino acid composition of egg and of diets 


AMINO ACID 


WHOLE EGG 


"COMPLETE” AMINO ACID MIXTURE 


Dried whole Acetone-ether 
egg 1 insoluble 2 


Natural 

isomer 

present 


Isomer 

used 


Total 

amino-acid 

used 


Arginine 

128 

195 

Histidine 

36 

62 

Isolencine 

53 

47 

Leucine 

61 

65 

Lysine 

86 

94 

Methionine 

24 

23 

Phenylalanine 

33 

32 

Threonine 

36 

36 

Tryptophane 

13 

14 

Vi aline 

55 

54 

Glutamic acid 
Total N 

1000 

1000 


mg amino acid N/gm total N 


192.3 

L 

192.3 

49.4 

L 

49.4 

45.7 

DL 

91.4 

63.4 

L 

63.4 

81.8 

L 

81.8 

22.7 

DL 

45.4 

32.0 

DL 

63.9 

35.8 

DL 

71.7 

14.2 

DL 

28.3 

53.9 

DL 

107.8 

204.5 

L 

204.5 


1000 


1 Mitchell and Block ( ? 46). 
2 Edwards et al. (’46). 


Table 2 gives the composition of the “complete” amino 
acid mixture for comparison of its essential amino acids with 
two analyses of whole egg protein. The amount of each natural 
form of amino acid included in the “complete” amino acid 
mixture, except for some discrepancy in the cases of histidine 
and lysine, is close to that in the analysis reported by Edwards 
et al. (’46). Glutamic acid was added to make the total N the 
same as in egg. This mixture, therefore, resembled egg pro- 
tein very closely in respect to its content of the natural isomers 
of the essential amino acids. The non-essential amino acids 
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in egg were replaced in the mixture by the unnatural forms 
plus glutamic acid. 

Another amino acid mixture called the “low-isoleucine” 
mixture differed from that shown in table 2 in that the amount 
of DL-isoleucine was reduced to one-third. The total N con- 
tent was kept constant by the addition of more glutamic acid. 
In analogous fashion “low-methionine” and “low-valine” 
mixtures were prepared. A “complete” amino acid mix ture 
was used also in which the glutamic acid was replaced by 
glycine containing the same amount of N. Since the physio- 
logical heat values of all the amino acid mixtures were close 
to that of sucrose, any change in the total weight of amino 
acids used per 100 gm of diet was compensated for by an 
equal and opposite change in weight of sucrose. 

Since some rats failed voluntarily to eat the prescribed 
quantity of N-free diet for 7 days, this diet, as well as the 
amino acid diets, was fed every 12 hours by stomach tube. 
The dry diet was mixed thoroughly with about 35% of water 
and injected from a pump through a no. 8 French-size Wishart 
catheter. The brass pump used was a gasoline blowtorch air 
pump in which the piston was sealed by a leather washer. 
Stops placed on the piston shaft limited its travel to give the 
desired volume. The pump, the catheter and a storage re- 
servoir were connected to a three-way metal stopcock in 
such a way that the syrupy diet could be forced by air pressure 
into the pump and subsequently discharged from the pump 
through the catheter. 

Nitrogen intake was determined by analysis of portions of 
diet exactly like those given the rats and delivered from the 
same catheter. The feces for each diet were separated by 
giving Fe 2 0 3 -marked diet at the first feeding of each dietary 
period, and by giving a mixture of Fe 2 0 3 , agar and cellu 
flour by stomach tube on the first morning of the fast. Urine 
was collected at the end of the third, 5th and 7th days of the 
N-free and amino acid diet periods by washing out the cage 
with hot water a few minutes after feeding the rat. Nitrogen 
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determinations were carried out by the micro-Kjeldahl method 
of Miller and Houghton ( ’45). 

Energy metabolism 

The heat production of the rats was measured during the 
greatest possible part of the daylight half of the last day on 
each amino acid diet and again for a similar time period 48 
hours later, after a 36-hour fast. Each rat was placed in a 
body size screen cage, so small that the rat could not turn 
around. Each cage rested in a stainless steel box which col- 
lected the urine passed during the test. Six cages were 
placed together in a battery jar, which was sealed and made 
part of a Haldane small animal metabolism train. Two C0 2 
absorbing units were provided. One of these was used only 
when the rats were quiet, and the other for the remainder of 
the time. 

After equilibration with a stream of dry COd-free air at 
10 1/min., the battery jar containing the rats was weighed at 
about 10:30 a.m. and then connected so that all the H 2 0 and 
C0 2 given off by the rats was collected until about 8:30 p.m. 
The rate of air flow was 10 1/min. at all times. The rats were 
observed for extended periods ; when they were all quiet the 
air stream was changed to the “quiet” C0 2 absorber, but it 
was returned to the “active” C0 2 absorber as soon as any 
one of them had been active for one and one-half to two 
minutes. Approximately one hour of quiet period was ac- 
cumulated during each third of the 10-hour total period. The 
average R.Q. for the entire period was computed from the 
total C0 2 production and 0 2 consumption. This R.Q. together 
with the quiet period C0 2 production and the urinary N ex- 
cretion rate was used to compute the resting heat production 
rate. A similar method was used by Forbes and Swift ( ’44) . 

Since our purpose was to determine the influence of the 
amino acid composition of the diet on the heat production, all 
the other factors known to change heat production were 
controlled. 
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The environmental temperature during the test was held 
between 28 and 31°C. and between 26 and 29°C. during the 
remainder of the experiment. Activity cycles which are 
known to cause metabolic rate variations were regulated by: 
(1) using males, which are free from estrous cycles; (2) regu- 
larly keeping the room light from 9 a.m. to 9 p.m. and dark 
from 9 p.m. to 9 a.m. ; and (3) feeding the animals daily at 
9 a.m. and 9 p.m. The body size was kept substantially con- 
stant. The calorie intake was constant from day to day except 
during the fast. The size of the meal administered at the be- 
ginning of the test was always the same. Although activity 
during the heat production test was controlled as described 
above, this factor was probably the most important source 
of variability in the heat production values. 

RESULTS 

Nitrogen metabolism 

Three experiments were carried out with the rats of series 
20, testing, in the order named (1) the “complete” amino' 
acid mixture, (2) the low isoleucine mixture, and (3) the 
“complete” amino acid mixture. The average N balance data 
are given in table 3. The urine N values are from the last 4 
days of each 7-day diet period. These gave a smaller standard 
deviation of N balance index than urinary N from the last two 
days only, and there was no consistent difference between the 
average urinary N of the 6th and 7th days and the average 
urinary N of the 4th and 5th days. 

Nitrogen balance index was defined by Allison and Ander- 
son (’45). All experimentally-determined biological values in 
which endogenous nitrogen excretion is estimated on the basis 
of total nitrogen excretion on a nitrogen-free diet are really 
nitrogen balance indices. We accept the suggestion of Alli- 
son, Seeley, Brown and Anderson ( ’46) that the term 
“biological value” be reserved for the fraction of absorbed 
nitrogen which is retained according to computations based 



TABLE 3 

Average nitrogen balance data for rats receiving amino arid mixture diets 
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on the true endogenous N excretion. Biological value can be 
obtained from the expression 

NB= (BV) (AN)— EN (2) 

in which EN is the true endogenous N excretion, AN is ab- 
sorbed N, NB is N balance and BY is biological value. The 
nitrogen balance index is K in the following equation : 

NB = K (AN) — NE 0 (3) 

in which NE 0 is N excretion on a N-free diet. Since true 
endogenous N probably cannot be determined, neither can 
biological value as defined by Allison et al. The function ob- 
tained experimentally is N balance index. 



ABSORBED NITROGEN (MG /DAY/KG.%) 

Fig. 1 N balance experiments with series 20 rats fed amino acid mixtures. 
Tlie low isoleucine diet of experiment 20-11 gives a low N balance index (slope of 
the line = K) and a high requirement of absorbed N for equilibrium (AN e ) com- 
pared with the complete diet of experiments 20-1 and 20-III. 


In figure 1 the results of the three experiments of series 20 
are presented as plots of N balance against absorbed N. Each 
experiment yields two points, the lower one from the N-free 
diet and the upper one from the amino acid diet. Since Allison 
and Anderson (’45) have shown that all such points fall on a 
straight line conforming to the relationship expressed in 
equation (3), lines have been drawn through each pair of 
points. The slope of each line is the N balance index of ab- 
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sorbed N, which is K in equation (3). The lower intercept 
with opposite sign is NE 0 , the N excretion at zero N intake. 
The upper intercept, AN e , is the absorbed N necessary to give 
N equilibrium or the maintenance N requirement for the 
amino acid mixture used. The relationship among these 
quantities is obtained by making NB equal to 0 in equation (3). 


The ANe value for a diet is determined chiefly by the N bal- 
ance data of the amino acid diet period and is only slightly 
influenced by the N-free period, as can be appreciated from 
the lines plotted in figure 1. K, on the other hand, is depend- 
ent equally on the data from both periods. Thus, although 
AN e and K are both measures of the quality of the diet for 
promotion of N retention and are both computed from the 
same experimental data, they may be expected to give some- 
what different indications of quality, since the relative weights 
of the data in the two computations are quite different. 

N balance index (K) does not depend on body size. AN„ 
and NE 0 are directly proportional to metabolic body size, 
which, according to Kleiber (’47), is well expressed by the 
three-quarters power of body weight. Unless some qualitative 
difference in N metabolism exists, N requirements for N 
equilibrium expressed as mg N/day/kg 3/4 should be nearly 
the same for large and small rats, as well as for various 
species. 

The N balance index for the low isoleucine diet was 1.17, as 
compared with 1.44 and 1.30 for the “complete” amino acid 
mixture diet. The difference is highly significant in one case 
and of doubtful significance in the other, as indicated by 
probabilities of 0.001 and 0.08. The AN e for the low isoleueine 
diet was 212 mg N/day/kg 3/4 , as compared with 168 and 156 
for the “complete” amino acid mixture diet. These differ- 
ences are both highly significant. It is therefore concluded 
that the low isoleucine amino acid mixture is utilized by the 
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rat for maintenance of N equilibrium less efficiently than the 
“complete” amino acid mixture. 

An abnormal appearance of the eyes of the rats began to 
appear in experiment 20-11 and was quite evident in experi- 
ment 20-III, at which time it was diagnosed as “spectacle- 
eye” due to biotin deficiency. At the end of experiment 20-131 
the rats were placed on the recovery diet supplemented with 
5 ng of biotin per rat per day, and at the end of three weeks 
the eyes had definitely improved and hair had begun to grow 
in the previously bald areas. Apparently a diet containing 
dried whole egg needs supplementation with biotin. Although 
it is possible that the biotin deficiency may have influenced 
the N balance and energy metabolism, there is no indication of 
it in the data. 

The series 40 rats, which unfortunately came from a differ- 
ent colony, were used to compare the “complete” amino acid 
mixture with three other mixtures. The only difference in the 
dietary amino acid mixture of period 40-11 was the iso- 
nitrogenous substitution of glycine for glutamic acid. The 
“complete with glycine” mixture gave a N balance index (K) 
which was not significantly different from the one obtained 
in either the preceding or following trials with the “complete” 
amino acid mixture containing glutamic acid. Comparison of 
AN e values indicates a significant difference between 40-1 and 
40-11 but not between 40-11 and 40- Y. In spite of one dis- 
cordant result in 4, it is concluded that substituting glycine 
for glutamic acid in amounts containing equal 1ST causes no 
change in efficiency of utilization of N of the amino acid 
mixture. 

A low methionine amino acid mixture in which 1.51% of 
the N was provided by DL-methionine was fed in experiment 
40 -in. The N balance index was 0.55, which is a most strik- 
ing decrease from the values of 1.09 and 1.15 for the “com- 
plete” amino acid mixture. The amount of absorbed N 
necessary to give equilibrium when feeding the low methionine 
amino acid mixture was found by extrapolation to be 323 mg 
N/day/kg 3/4 , which is markedly higher than the 171 and 
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159 mg computed for the “complete” amino acid mixture. 
The low N balance index and high AN e both indicate that the 
amount of methionine in the low methionine diet is so small 
as to depress the efficiency of utilization of N of the amino 
acid mixture. 

In experiment 40-IV the valine was reduced to one-third of 
the amount in the “complete” amino acid mixture, so that 
3.59% of the N was supplied by DL-valine. There was no sig- 
nificant difference between the N balance index and AN e in 
this period and the values in the preceding or following 
“complete” amino acid periods. It is concluded that the low 
valine amino acid mixture provides enough valine to support 
full efficiency of N utilization. 

Energy metabolism 

In connection with each amino acid diet the resting post- 
eibal metabolic rate and the resting fasting metabolic rate 
of the rats were determined as described above. The 
metabolic rate values are listed in table 4 and are to be under- 
stood as values obtained during about three hours of observed 
rest distributed fairly uniformly through the light half of a 
day and computed on a 24-hour basis. The two values which 
are subtracted to give the specific dynamic action were de- 
termined on the same individuals, with a time interval of 
only 48 hours between the two tests. The results are expressed 
as Cal./day/rat, since each animal in a given series received 
the same amount of diet regardless of individual or time 
variations in body weight. The SDA values in each series 
of experiments represent, therefore, the average effect of 
equal amounts of estimated metabolizable energy in rats of 
varying body weights. 

As is indicated in table 4, the SDA of the low isoleucine 
diet, 6.0 Cal./day/rat, was found to be significantly greater 
than the 2.6 and 3.1 CaL/day/rat for the “complete” amino 
acid diet. This indicates that decreasing to one-third the isoleu- 
cine in the “complete” amino acid mixture caused a decrease 
in efficiency of utilization of metabolizable energy, as well as 



AMINO ACID AND ENEBGY UTILIZATION 


715 





716 


JOSEPH T. ANDERSON AND E. S. NASSET 


a decrease in efficiency of utilization of absorbed N. No sig- 
nificant alteration in SDA appeared with other changes in 
the amino acid composition of the diet, although by analogy 
■with the N balance data the low methionine diet should have 
caused an increase in SDA. 

DISCUSSION 

Body N-sparing effect 

The data shown in table 3 indicate that in every experiment 
except that involving the low methionine diet the urinary N 
excretion was decreased when an amino acid mixture was in- 
troduced into a N-free diet. This fact accounts for a N balance 
index greater than unity. As pointed out by Allison, Seeley, 
Brown and Anderson (’46), the N balance index must be 
higher than the biological value and the N excretion at zero 
N intake (NE„) must be greater than the true endogenous N 
excretion (EN) in such a circumstance. 

Nielson, Gerber and Corley (’39) found that the incorpora- 
tion of L-cystine into the N-free diet of dogs caused the urinary 
N to be decreased on the day of the treatment and for a few 
days thereafter. They also observed a similar response after 
administering a mixture containing all the essential amino 
acids except threonine. Miller ( ’44) observed that the addi- 
tion of methionine or cystine to a very low protein diet caused 
a 30 to 45% reduction in N excretion. Allison, Seeley, Brown 
and Anderson (’46) and Allison, Anderson and Seeley (’47) 
demonstrated that feeding methionine, methionine-supple- 
mented proteins and unsupplemented egg white protein 
diminished the urinary N in the dog and that the effect was 
more marked the longer the preliminary period of protein- 
free feeding. Urinary N in the rat is decreased by supple- 
menting a N-free diet with any of the following : methionine, 
cystine, arginine, isoleucine, histidine, choline or a mixture 
of the 10 essential amino acids (Brush, Willman and Swanson, 
’47). According to Johnson, Deuel, Morehouse and Mehl 
( ’47) and Cox et al. ( ’47), methionine feeding does not reduce 
urinary N in man even after protein depletion. 
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Minimum urinary N 

Evidently the urinary N excretion of the rat on a N-free 
diet is altered considerably by variations in protein depletion 
or by the addition to the diet of small amounts of certain 
amino acids. In the data shown in table 3 the NE„ values for 
a single diet are observed to differ among experiments much 
more than do the AN e values. Since K = NE 0 /AN e , varia- 
bility in NE„ is transmitted directly to K. In comparing ex- 
periments 20-1, 20-III, 40-1, 40-11, 40-IV and 40-V, AN e is 
seen to be a much more consistent attribute of the diet than 
K. It is suggested that the use of urinary N excretion on a 
N-free diet in computing N balance index in rats leads to dif- 
ficulties in two ways: (1) N balance indices are higher than 
true biological values and (2) variability in N balance index 
occurs among groups of animals and between dietary periods 
with the same group. An alternative procedure is to feed the 
test protein or amino acid mixture at two levels. 

The mean urinary N excretion in 6 experiments with the 
N-free diet was 157 ± 8 mg/day/kg 3/4 . The addition of an 
adequate amino acid mixture to this basic, N-free diet resulted 
in a highly significant diminution in urinary N excretion. In 
the same 6 experiments in which the “complete” amino acid 
mixture or its equivalent was fed, the urinary N excretion was 
reduced to 125 ± 2 mg/day/kg 3/4 . It seems likely that refine- 
ments in the amino acid mixture may reduce this further so 
that the present value should therefore not be considered the 
absolute minimum. If related to the energy metabolism, it 
represents an excretion of 1.79 mg N per basal Calorie, which 
is lower than previously published values for the rat (Smuts, 
’35 : 1.988 mg ; Bricker and Mitchell, ’47 : 2.16 mg) and some- 
what higher than recently reported values for man (Hawley, 
Murlin, Nasset and Szymanski, ’48: 1.19 mg for men and 
1.32 mg for women). It is interesting also that in 7 of the 8 
experiments (table 3), feeding amino acid mixtures reduced 
the fecal N as compared with the corresponding N-free 
periods. 
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SUMMARY AND CONCLUSIONS 

Simultaneous nitrogen balance and energy metabolism 
studies were conducted on adult rats receiving amino acid 
mixtures in a diet otherwise very low in nitrogen. Each amino 
acid diet period was preceded by a 7-day depletion period in 
which an isocaloric N-free diet was fed. The diets were ad- 
ministered by stomach tube twice daily in order to insure 
equal intake by ' every animal every day. Resting energy 
metabolism determinations were made during a 10-hour period 
on the last day of the amino acid diet and again two days 
later after a fast of 36 hours. The difference between these 
rates was taken as representing the specific dynamic action 
of the diet. 

When a “complete” amino acid mixture simulating whole 
egg protein was fed the N balance index was invariably 
greater than unity. The N requirement for maintenance on 
this amino acid mixture averaged 162 mg N/day/kg 3/4 . In 6 
experiments with two groups of rats the maintenance N re- 
quirement proved a more consistent characteristic of the 
amino acid mixture than the N balance index. 

Reducing the DL-isoleucine to one-third the quantity in the 
“complete” amino acid mixture caused a decrease in N 
balance index, an increase in maintenance N requirement to 
212 mg N/day/kg 3/4 , and an increase in specific dynamic action 
of 3 Cal./day/rat. A similar reduction in DL-methionine caused 
a decrease of N balance index to about half and an increase of 
maintenance N requirement to 323 mg N /dav/kg 3/4 but no 
significant change in specific dynamic action. Reduction of 
DL-valine to one-third the quantity in the “complete” amino 
acid mixture caused no significant change in either N utiliza- 
tion or energy metabolism. Substituting glycine for glutamic 
acid caused no significant change in N balance index, mainte- 
nance 1ST requirement or specific dynamic action. 

Reducing the quantity of an essential amino acid will, if 
carried far enough, lead to decreased efficiency of utilization 
of N (decreased N balance index and increased maintenance 
N requirement), and probably to a parallel decrease in effi- 
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eiency of energy utilization (increased specific dynamic 
action). Such a decrease in efficiency of N utilization was 
found when either isoleucine or methionine was reduced to 
one-third. The corresponding decrease in efficiency of energy 
utilization was found only in the case of the low isoleucine 
diet. 
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THE PLACENTAL AND MAMMARY TRANSFER OF 
TOCOPHEROLS (VITAMIN E) IN SHEEP, 
GOATS AND SWINE 
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Laboratory of Animal Nutrition, Department of Animal Husbandry, 
Cornell University, Ithaca, New York 


(Eeeeived for publication June 12, 1948) 


Willman et al. ( ’45, ’46) have shown that when ewes are fed 
a ration consisting of legume hay and red kidney beans during 
gestation and lactation, a high percentage of the suckling 
lambs develop muscle dystrophy (“stiff -lamb disease”). The 
pathological picture appears to be identical with the vitamin 
E deficiency seen in laboratory animals (Willman et al., ’34; 
Mackenzie et al., ’41) and the disease can be prevented or 
cured in the early stages by feeding alpha-toeopherol. Mason 
and Bryan (’38, ’40) found that vitamin E supplementation 
increased the stores of vitamin E in the young and the milk 
of rats. Other investigators (Evans and Burr, ’38; Olcott, 
’38 ; Pappenheimer, ’42) have shown that the young of vitamin 
E-deficient rats and mice developed symptoms of vitamin E 
deficiency during the first few weeks of life, while young from 
normally-fed females showed no such symptoms. More re- 
cently, Parrish et al. (’47) have shown that supplementing 
the ration of dairy cows with 500 to 1000 mg of tocopherols 
daily during the last 4 weeks of pregnancy increased the toco- 
pherol content of the colostrum from 107 to 150 pg per gram 
of fat, and that feeding 10 gm of tocopherols daily increased 
the colostral content to 487 pg per gram of fat. 

1 Present address, Dominion Experiment Station, Lethbridge, Alberta, Canada. 
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These studies suggested that the incidence and severity of 
the dystrophy mentioned above might be influenced by the 
placental and mammary transfer of alpha-tocopherol. Be- 
cause of the lack of published data on this subject, it seemed 
worthwhile to make a study using farm animals. 

EXPERIMENTAL PROCEDURE 

Forty ewes, 16 goats and 25 sows were used in this study. 
The ewes and goats were fed a ration consisting of second- 
eutting mixed alfalfa and clover hay and red kidney beans. 
Half of them received, in addition, a daily supplement of 80 mg 
of m ix ed tocopherols 2 per 100 lb. of body weight. The pigs 
were fed a ration of 760 parts of ground yellow corn, 100 of 
soybean oil meal, 100 of ground alfalfa hay, 30 of meat scrap, 
and 10 of minerals. Half of the sows received the daily toco- 
pherol supplement of 80 mg per 100 lb. of body weight. 

At the time of parturition the tocopherol supplement was 
removed from the diets. Samples of liver and blood were ob- 
tained from the newborn animals within a few hours after 
birth. Care was taken to use only the young which were re- 
moved from their dams before they had sucked. Colostrum 
samples were taken before the mothers had been nursed. Milk 
was collected from the same females again 4 days after par- 
turition. The method of Quaife and Harris ( ’44) that employs 
the microhydrogenation technique of Quaife and Biehler ( ’45), 
was used to determine the tocopherol content of blood plasma. 
The method of Quaife ( ’47) was used to determine the toco- 
pherol content of colostrum and milk. The method of Hines 
and Mattill (’43), modified as indicated below, was used to 
determine the tocopherol content of livers. Instead of using 
the florisil XS earth adsorption column for removing inter- 
fering compounds after the H 2 S0 4 and KOH treatments, the 
sample was taken up in a 50 : 50 mixture of cyclohexane and 
alcohol, and hydrogenated. Tocopherols were then measured 
in the same manner as for plasma and milk except that the 

2 The vitamin E supplement, 6 1 Myvadry , 9 9 was generously supplied by Distilla- 
tion Products, Ine., Boehester, New York. 
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absorption reading was taken after a one-minute reaction 
time. Essentially stable readings were obtained between one 
and 10 minutes if all light was excluded, indicating, accord- 
ing to Baxter ( ’47), that probably the* non-tocopherol reduc- 
ing substances had been removed. 

RESULTS AND DISCUSSION 

The tocopherol contents of the livers and blood plasma of 
newborn lambs, kids and pigs are shown in table 1. 

"While prepartum tocopherol supplementation at the levels 
used increased the average tocopherol content of the livers of 
the newborn animals, the increases were not statistically sig- 


TABLE 1 

The influence of diet on the tocopherol content of liver and plasma 
of newborn animals 


SPECIES 


TOCOPHEROL CONTENT 


Liver 

Plasma 

Controls 

Supplemented 

Controls 

Supplemented 


M/gm 

[L gf 100 ml 

Lambs 

(6) 1 25.3 ±2.7 

(6) 30.0 ± 4.3 

(6) 20 ± 10 

(6) 94 ± 62 

Kids 

(5) 10.4 ±1.5 

(6) 13.1 ± 2.0 

(5) 16 ± 8 

(5) 65 ±40 

Pigs 

(8) 24.7 ± 3.6 

(10) 26.4 ±4.7 

(6) 120 ± 28 

(7) 101 ± 33 


1 Figures in parenthesis are the numbers of samples analyzed. 


nificant (5% level of probability). This may indicate either 
that liver storage of tocopherol in the newborn cannot be 
significantly increased by prepartum tocopherol supplementa- 
tion or that greater amounts are required to cause significant 
increases. It is also possible that the liver may not be the site 
of richest tocopherol storage, since Mason (’42) and Abder- 
halden ( ’45a) have shown that vitamin E is widely distributed 
throughout the animal body. It is interesting that Abderhalden 
reported the liver of the newborn infant to contain 4.60 yg of 
tocopherols per gram of tissue ; two livers of newborn calves 
analyzed by the authors showed an average tocopherol con- 
tent of 13.8 yg per gram of fresh liver tissue. No other values 
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for the tocopherol content of the livers of newborn mammals 
were found in the literature. 

The tocopherol content of the blood plasma of newborn 
lambs and kids was significantly increased (1% level of prob- 
ability) by prepartum vitamin E supplementation, but no in- 
crease occurred in the pigs (table 1). This may be explained, 
in part, on the basis that the ration fed to the ewes and goats 
was deficient in tocopherol activity (Willman et al., ’45, ’46), 
whereas the pig’s ration was adequate; thus, the former ani- 
mals might be expected to show a greater response to supple- 
mental tocopherols than the sows. Abderhalden (’45b) re- 
ported that the blood plasma of the newborn infant contained 

TABLE 2 

The influence of diet on the tocopherol content of colostrum and milk of 
sheep, goats and pigs 




TOCOPHEROL CONTENT 


SPECIES 


Colo strum 


Milk 


Controls 

Supplemented 

Controls 

Supplemented 

Sheep 

Goats 

Pigs 

(19) 1 47 ± 20 
(5) 59 ± 18 

(10) 186 ±61 

lig/gm fat 

(14) 78 ± 25 
(8) 154 ± 10 
(10) 399 ± 175 

(19) 15 ± 6 
(5) 14 ± 5 

(15) 30 ± 7 
(8) 31 ± 13 


1 Figures in parentheses are the numbers of samples analyzed. 


an average of 96 ng of tocopherols per 100 ml of plasma. 
Straumfjord and Quaife (’46) on the other hand reported a 
plasma content of 340 ng of tocopherols per 100 ml for the 
newborn infant. 

The tocopherol content of the colostrum and milk of the 
ewe, goat and sow is shown in table 2. 

Prepartum tocopherol supplementation significantly in- 
creased the tocopherol content of the colostrum of all three 
species. In the case of the sows and goats, the increase was 
highly significant (1% level of probability), but the varia- 
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bility among animals on the same ration was very large. 
Parrish et al. (’47) made a similar observation from their 
data on the tocopherol content of cow’s colostrum and milk. 
Sow’s colostrum contained about three times as much toco- 
pherol as that of the goats and ewes, and somewhat more than 
that reported by Parrish et al. ( ’47) for cows fed a normal 
ration. Colostrum from ewes fed a more standard ration of 
mixed hay, corn silage and cereal grains contained an average 
of 106 Mg of tocopherols per gram of fat. Quaife ( ’47) re- 
ported that human colostrum collected during the first week 
after parturition contained 0.13 to 3.6 mg of tocopherol per 
100 ml. Abderhalden ( ’44) found that human colostrum taken 
two days after childbirth contained an average of 3.3 mg per 
100 gm, and that at 4 to 10 days postpartum the milk contained 
0.94 mg per 100 gm. 

Milk of the ewe and goat contained approximately one- 
fourth as much tocopherol as the colostrum of these animals. 
This is in agreement with the findings of Parrish et al. ( ’47) 
for dairy cows. The milk of the ewes and goats that received 
tocopherol supplements prepartum contained approximately 
twice as much tocopherol as that of non-supplemented ewes 
and goats. 


SUMMARY 

The placental transfer and colostral storage of total toco- 
pherols was investigated in sheep, goats and swine. Supple- 
menting the prepartum ration with 80 mg of mixed tocopherols 
per 100 lb. body weight slightly increased the liver storage of 
tocopherols in the newborn animal, but the increase was not 
statistically significant. A highly significant increase in the 
tocopherol content of the blood plasma of the lambs and kids 
resulted from the prepartum supplementation, but no increase 
was observed in swine. Prepartum supplementation caused a 
two-fold increase in the tocopherol content of the colstrum in 
all species. Colostrum contained three to 4 times as much 
tocopherol as the milk obtained from the same animals 4 days 
later. 
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MIXTURES OF VARIOUS COMPONENTS OF THE 
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There is am ple evidence in the literature that the various 
components of the vitamin B complex play significant roles 
in nitrogen metabolism. Urinary studies of animals subsist- 
ing on diets lacking members of the complex show changes in 
the excretion of ammonia, urea, creatine, uric acid and allan- 
toin, and examination of the blood reveals alterations in 
concentrations of non-protein nitrogen and other factors 
(Sure and Dichek, ’41; Sure and Ford, ’42). The finding by 
Gunsalus and Bellamy (’44) and Bellamy et al. ( ’45) that 
pyridoxine functions as a co-factor in amino acid decai- 
boxylases suggests a role for this B vitamin in protein metabo- 
lism. The relationship between tryptophane and niacin 
studied by Krehl and colleagues ( ’46a, ’46b), Schweigert et al. 
(’47, ’48) and Salmon (’47) can also be cited as pertinent in 
this connection. 

The purpose of the present study was to investigate the 
influence of the concentration of synthetic mixtures of the 
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vitamin B complex on protein efficiency and on economy of 
total food utilization. The biological values of purified 
casein 2 fed at different planes of intake and supplemented 
with graduated increasing concentrations of mixtures of 
various components of the vitamin B complex were deter- 
mined by the nitrogen balance methods of Mitchell (’24, ’44). 

EXPERIMENTAL 

The percentage composition of the rations was as follows : 
Casein, 8.2 to 20; cellu flour, 2; Sure’s salts no. 1 (Sure, ’41), 
4; lard, 10; cod liver oil, 1.5; wheat germ oil, 0.5; and the 
balance, cerelose. Synthetic mixtures of pure crystalline com- 


TABLE 1 

Composition of vitamin B complex mixtures 



1 

2 

3 

4 

5 

6 

7 

Thiamine 

3 Mg 

5 Mg 

10 Mg 

15 /xg 

25 Mg 

50 Mg 

100 Mg 

Riboflavin 

3 M g 

5 Mg 

10 fig 

15 Mg 

25 Mg 

50 Mg 

100 Mg 

Pyridoxine 

3 Mg 

5 Mg 

10 Mg 

15 Mg 

25 Mg 

50 Mg 

100 Mg 

Niacin 

3 Mg 

5 Mg 

10 Mg 

15 Mg 

25 Mg 

50 Mg 

100 Mg 

Calcium 

pantothenate 

25 /ig 

50 Mg 

75 fig 

100 Mg 

150 Mg 

300 Mg 

600 Mg 

p-aminobenzoic 

acid 

250 Mg 

500 fig 

lmg 

2 mg 

3 mg 

6 mg 

12 mg 

Inositol 

75 Mg 

150 fig 

300 fig 

600 Mg 

lmg 

3 mg 

3 mg 

Choline chloride 

3 mg 

6 mg 

6 mg 

6 mg 

6 mg 

9 mg 

12 mg 


ponents of the vitamin B complex which have proved to be 
essential for growth of the rat were used. The composition 
of these mixtures is given in table 1. Six rats were used in 
each group of experiments. However, the findings on animals 
which showed the greatest variations from the mean were 
eliminated, so that in table 2 results are shown on 5 animals 
and in table 3 on 4 animals. In table 4 results are submitted 
on 6 animals. 


3 Smaco. 
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Urinary and fecal balances were determined over periods 
of 7 days on an egg standardizing ration and then for 7 days 
on the experimental rations containing 8.2, 10, and 20% 
casein; these rations contained 7.1, 8.7, and 17.3% protein, 
respectively. The 8.2 and 10% casein rations were supple- 
mented with 25 mg cystine per animal per day. Accurate 
records of food consumption were kept, so it was possible to 
calculate (1) the protein efficiency ratios, expressed as gain 
in weight per gram of protein intake ; (2) the biological values, 
expressed as the per cent of absorbed nitrogen retained by 
the rat; and (3) the gain in body weight per 100 gm of food 
intake, which expressed the requirements for maintenance 
and growth and was the yardstick we used for evaluating 
economy of food utilization. 

Before beginning the nitrogen balance studies, the rats 
were depleted of the vitamin B complex for 10 to 15 days 
until either maintenance was reached or there were slight 
losses in body weight. In starting the metabolism experiments 
the animals were 25 to 28 days of age and weighed about 
50 gm. 

In the construction of the vitamin B complex synthetic 
mixtures we used for the daily doses of thiamine, riboflavin, 
pyridoxine, and niacin, 3 to 100 Mg ; for calcium pantothenate, 
25 to 600 qg; for p-aminobenzoic acid, 250 Mg to 12 mg; for 
choline chloride, 3 to 12 mg; and for inositol, 75 Mg to 3 mg 
(table 1). These mixtures (VBC) 3 are hereinafter referred 
to either as the numbers 1 to 7 given them in table 1 or as 
mixtures having the 3, 5, 10, and 15 Mg doses, since the same 
daily doses were used for 4 components of the vitamin B 
complex. 

RESULTS 

Data from these experiments are submitted in tables 2, 3, 
and 4. It will be noted from table 2 that, on a 20% casein 
intake, increasing various components of the vitamin B com- 
plex produced no notable changes in nitrogen retention during 


3 VBC = vitamin B complex. 



Influence of concentration of the vitamin B complex (VBC) on biological values of protein and on economy of food utilisation 

( Average results for 5 animals in each group, 3 %’s and % cf’s) 
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the 7-day metabolism period. However, a change from VBC 
mixture 1 to 3 resulted in an increase of about 50% in food 
intake and of over three times the gain in body weight. The 
increase of 119% in the so-called “protein efficiency ratio” 
parallels the increase of 122% in total food utilization. On a 
10% plane of casein intake, increasing the daily doses of 
thiamine, riboflavin, pyridoxine, and niacin from 3 to 15 pg, 
with the same increased doses of the rest of the components 
of the vitamin B complex mixtures, also produced no signifi- 
cant changes in nitrogen retention during the one- week balance 
study. On the other hand, there was a 70% increase in food 
intake and a 6-fold gain in body weight, which establish con- 
clusively that the enhanced growth following the increases in 
the concentration of the vitamin B complex was entirely out 
of proportion to the rise in food consumption and the marked 
gains in food utilization should be ascribed to the greater 
intake of the B vitamins. The increase from the 3 to 15 pg 
doses produced a rise of from 1.63 to 4.79, or 193%, in the 
so-called “protein efficiency ratio,” and an increase of 251% 
in total food utilization. 

On an 8.2% level of casein intake, introducing 7.1% protein 
in the ration, the influence on growth and food utilization 
was most marked. The increase from the 3 to the 5 pg daily 
doses (table 3), produced a marked increase in nitrogen re- 
tention. This is undoubtedly due to the increased caloric 
intake associated with the increased concentration of the 
vitamin B complex mixture. 

The high figure for the standard deviation of the biological 
value on VBC mixture 1 during the first metabolism period 
(table 3) is due to the great variations in food intake and to 
variations in the small increments of growth on this low 
mixture of the vitamin B complex. 

Following a standardizing period, the animals which were 
receiving VBC mixtures 1, 2, 3, and 4 were given, respectively, 
VBC mix tures 4, 5, 6, and 7, thus increasing the daily doses 
of thiamine, riboflavin, pyridoxine, and niacin from 3, 5, 10, 
and 15, to 15, 25, 50, and 100 pg. This shift to higher doses of 



Influence of concentration of the vitamin J5 complex (YjBC) on biological indues of protein and on economy of food utilisation 

( Average results for 4 animals in each group, I? $'s and 2 <$*s) 
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the vitamin B complex, even on the lower level of protein 
intake (7.1%) resulted in no change in efficiency of nitrogen 
retention, but this change in vitamin concentration was ac- 
companied by a marked increase in body weight and in food 
consumption. Optimum results were obtained on VBC mix- 
ture no. 6. A further increase in the vitamin B complex, from 
this mixture to no. 7, produced a depression in growth and in 
efficiency of protein utilization. These results may have prac- 
tical applications in the war-torn countries abroad where 
pronounced food shortages still exist. On the basis of data 
presented in table 3 it appears that on a low protein level 
(7.1%) some growth was possible but only when the various 
components of the vitamin B complex were raised to high 
concentrations. On the same low protein intake and with a 
low concentration of the B vitamins, only maintenance was 
obtained. These observations were made during a one-week 
experimental period. During longer periods on the low vitamin 
B complex and low protein diet, these animals, undoubtedly, 
would have collapsed. At least, experiences in this laboratory 
make this seem probable. 

A study was also carried out on the influence of concentra- 
tion of the vitamin B complex on the chemical composition of 
body gains. Twelve male and 12 female rats were used for 
this investigation. They were a month old and weighed 50 to 
59 gm each when started on experiment. They were depleted 
of the vitamin B complex for 12 to 15 days, were placed on a 
preliminary vitamin period for several days to get accus- 
tomed to the new dietary regimen, and then were kept for 
21 days on a 10% casein diet with graduated increasing doses 
of VBC mixtures 1, 2, 3, and 4. In addition, 12 male and 12 
female rats of the same initial age and weight were taken 
one week after weaning from stock diets and analyzed for 
moisture, protein, fat, and ash. From the chemical composi- 
tions and body weights at the beginning and at the end of the 
experimental periods the chemical composition of body gains 
was computed. The results are submitted in table 4. It will 
be noted that during this three-week period a change from 
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VBC mixture 1 to 2, increasing from the 3 to the 5 ug doses, 
resulted in increased protein synthesis, with no further in- 
creased protein synthesis following further increases of vita- 
min B complex concentrations. However, synthesis of fat 
resulted from the further change from YBC mixture 2 to 3, 
when the daily doses were increased from 5 to 10 ug. The 
marked increases in growth following increase in certain 
concentrations of the vitamin B complex must then be due to 
fat synthesis from the carbohydrate (eerelose) in the rations. 

The only notable change resulting from raising the daily doses 
from 10 to 15 ug was in the ash content; we have no explana- 
tion for the reduction in ash when the YBC mixture was 
changed from 2 to 3, increasing the daily doses from 5 to 10 ug. 

The fact that we observed in this investigation frequent 
parallelisms between per cent increase in food utilization and 
per cent increase in protein efficiency ratios and, in most cases, 
no parallelism between biological values (as determined from 
nitrogen balance studies) and protein efficiency ratios, would 
indicate that the latter do not always express solely the gains 
in weight per gram of protein intake. The so-called “protein 
efficiency ratios” must also include gains in body weight pro- 

TABLE 4 

Influence of concentration of the vitamin B complex (VBC) on chemical composition of "body 
pains 1 (Average results for 6 animals in each group, 3 J’s and S <$’s) 


VBO 

MIX- 

TURES 

DAILY 
DOSES 
OF THIA- 
MINE, 

X RIBO- 
FLAVIN 
AND 
NIACIN 

■ 

§i| 

INCREASE 
IN BODY 
WEIGHT 

GAIN IN 
BODY 
WEIGHT 
PER 100 
GM FOOD 
INTAKE 

IN- 

CREASE 

IN FOOD 
UTILIZA- 
TION 

PROTEIN 

EFFICIENCY 

RATIO 

CHEMICAL COMPOSITION 

OF BODY GAINS 

Ash Fat Protein 


H9 

firm 

% 

gm 

% 


gm 

gm 

gm 

1 

3 

22.0 


16.7 


1.95 ± .16 s 

+ 1.69 

+ 0.98 

+ 5.06 

2 

5 

29.0 

31.8 

18.5 

10.8 

2.15 ± .10 

+ 2.15 

+ 3.70 

+ 8.65 

3 

10 

41.0 

86.4 

22.3 

33.5 

2.58 ± .10 

+ 1.89 

+ 6.26 

+ 8.75 

4 

15 

41.7 

80.6 

22.0 

31.7 

2.54 ± .07 

+ 2.47 

+ 5.81 

+ 9.09 


1 See table 1. 

2 Experimental period of 21 days. The animals received a 10% casein diet, supplemented 
with 25 mg cystine per animal per day. 

Standard deviation of the means (Sherman, >41). 
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duced by caloric intakes from the ration. Our observations 
are in agreement with those of Barnes and Bosshardt (’46) 
who state that . the influence of caloric intake upon the 
growth utilization of protein may be greater than has been 
suspected, heretofore.” Bosshardt and associates (’46b) in 
their recent protein studies with mice fed ad libitum found 
that “. . . with each protein source the level of intake ex- 
hibiting maximal protein utilization corresponded with a 
maximal caloric intake per unit of body surface area, and at 
a given level of protein intake changes in caloric consumption 
often resulted in the apparent utilization of protein.” 

A study was also made of the influence of aqueous butyl 
alcohol extracts of Wilson’s 1:20 liver concentrate powder 
on the utilization of casein for growth. The casein was fed at 
a 10% plane of intake and the extracts of the liver concentrate 
were prepared by the procedure of Conger and Elvehjem 
(’41). A total of 48 rats was used in this investigation. The 
extracts were fed at 0.5 and 0.2% of the rations. It was antici- 
pated that such extracts might furnish unknown components 
of the vitamin B complex. Following 11 weeks’ growth, the 
results were entirely negative. Such extracts also resulted in 
no increases in nitrogen retention, as evidenced by balance 
studies. Our observations on rats are, therefore, not in accord 
with those of Bosshardt and co-workers on mice (’46a). 

SUMMARY 

Increasing the concentrations of thiamine, riboflavin, pyri- 
doxine, niacin, pantothenic acid, choline, p-aminobenzoie acid, 
and inositol used in synthetic mixtures as sources of the vita- 
min B complex resulted in marked increases in growth and 
pronounced increases in food utilization. However, increases 
in nitrogen retention and protein synthesis occurred only 
within a narrow range of the low concentration of the vitamin 
B complex. The marked increases in growth are due largely 
to fat synthesis from the carbohydrate (cerelose) in the 
rations. 
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On a low 7.1% protein level some growth was possible, but 
only when the various components of the vitamin B complex 
were raised to high concentrations. On the same low protein 
intake and on a low concentration of the B vitamins, only 
maintenance was obtained. These observations were made 
during a one-week experimental period. 

The results of feeding aqueous butyl alcohol extracts of 
1:20 "Wilson’s concentrate powder as a source of unknown 
components of the vitamin B complex were negative as far as 
utilization of casein for growth is concerned. 
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ANEMIA AND EDEMA OF CHRONIC CHOLINE 
DEFICIENCY IN THE RAT 1 

E. W. ENGEL 

Laboratory of Animal Nutrition, Alabama Polytechnic Institute , Auburn 

FOUR FIGURES 

(Received for publication July 19, 1948) 

For some years this laboratory has conducted investiga- 
tions to determine the effects of choline deficiency in the rat. 
During these studies it was observed that neoplasms develop 
in the livers and other tissues in a significant number of ani- 
mals subjected to such a deficiency for prolonged periods 
(Copeland and Salmon, ’46; Engel, Copeland and Salmon, 
,’47). It seemed desirable to determine if some physiological 
abnormality might appear in such animals during the devel- 
ment of the chronic choline deficiency syndrome. A lowered 
hemoglobin has been reported in dogs fed choline-deficient 
diets (Fouts, ’43; McKibbin et al., ’44). Attention was there- 
fore directed to the blood; hemoglobin determinations were 
made on rats in an experiment in which a variety of choline- 
low and/or protein-low diets were under investigation. 

The production of anemia as well as nutritional edema as 
a result of choline deficiency will be discussed in the following 
pages. 

EXPERIMENTAL 

Rats of the Alabama Experiment Station (AES) strain 
were used. The animals were fed the experimental diets from 

1 Published with the approval of the Director, Alabama Agricultural Experi- 
ment Station, Auburn. A preliminary report of this work was made at the 
annual meeting of the Federation of American Societies for Experimental Biol- 
ogy, Federation Proceedings, Volume 7, Number 1, Part 1, p. 285, 1948. 
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the age of 23 days, except in one case in which older animals 
were used. Care was exercised to maintain litter and sex 
controls in studying treatment effects. The animals were 
housed individually in screened-bottom cages, and were sup- 
plied with fresh food daily. 

The percentage composition of the diets used in these 
studies is given in table 1. The diets were stored in a refrig- 
erator and were replenished about once every 10 days. 

TABLE 1 

Percentage composition of the "basal diets 1 


DIET NO. 



46E 

57 

C-l 

46 

59 

58 

60 

Extracted casein 3 

4.5 

6.5 

9.0 

9.0 

9.0 

0.0 

6.0 

Extracted peanut meal 3 

0.0 

0.0 

0.0 

0.0 

0.0 

30.0 

30.0 

Degerminated corn grits 4 

40.0 

40.0 

20.0 

40.0 

30.0 

30.0 

0.0 

Salts 5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Sucrose 

36.2 

34.2 

51.7 

31.7 

36.7 

15.9 

39.9 

Lard 

14.0 

14.0 

14.0 

14.0 

19.0 

19.0 

19.0 

Cod liver oil 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

L- cystine 

0.3 

0.3 

0.3 

0.3 

0.3 

0.1 

0.1 


1 Eaeh kilogram of basal diet was fortified with the following: 2 mg each of 
thiamine and pyridoxine, 4 mg of riboflavin, 1 0 mg of calcium pantothenate, 20 mg 
of niacin, 200 mg of i-inositol and 50 mg of alpha-tocopherol. Control animals 
received a further supplement of 2000 mg of choline chloride per kilogram of diet. 
The author is indebted to Merck and Company, Bahwnv, New Jersey, for a 
supply of these vitamins. 

2 Commercial casein was purified by percolation with tap water for 6 days with 
overnight acidifieations (0.2% acetic acid) and finally washed with 95% alcohol 
and dried. The purified product contained 87% protein (N X 6.38). 

3 Commercial peanut meal was percolated exhaustively with water solution con- 
taining 60% ethanol by volume and finally extracted with absolute methanol and 
dried. The extracted material contained 44% crude protein (N X 6.25). 

4 A non-enriehed commercial product containing 8.8% crude protein (N X 6.25). 

5 J. Nutrition, S3: 155-168, 1947. 

Effect of choline or methionine on hemoglobin 

Hemoglobin determinations were made at least once 
monthly. The samples were obtained by bleeding from the 
tail. The acid hematin method was used, and the color den- 
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sity was measured with filter 420 in an Evelyn photoelectric 
colorimeter. The instrument was calibrated with graded con- 
centrations of pure hematin prepared from beef blood ac- 
cording to the method of Clifcorn and associates (’35). 

The results of these analyses are summarized in table 2. 
A lowered hemoglobin with a range of 6.25 to 11.95 gm per 
100 ml blood was consistently observed in animals maintained 
on the choline-deficient diets for three months or longer. 

TABLE 2 

Final hemoglobin concentration and body weight of rats fed diets varying in 
protein and fat with and without supplement of choline or methionine 
(6-month experimental period) 


TREATMENT 


NO, OF 
ANIMALS 
PER 

TREATMENT 

SEX 

DIET 

NO. 

Choline added 

No choline added 

DIET- 

ART 

PRO- 

TEIN 

DIET- 

ARY 


Body 

wt. 

Hemo- 

globin 

Body 

wt. 

Hemo- 

globin 

FAT 




(jm 

ffm/100 ml 
Hood 

gm 

gmf 100 ml 
blood 

% 

% 

2 

M 

46E 1 

546 

13.60 

339 

6.25 

7.5 

15 

3 

F 

46E 2 

339 

14.20 

335 

6.85 

7.5 

15 

6 

M 

57 

388 

13.45 

353 

8.75 

9.2 

15 

2 

F 

57 

271 

13.85 

317 

10.05 

9.2 

15 

3 

M 

C-l 

488 

14.40 

320 

8.55 

9.6 

15 

2 

F 

C-l 

265 

14.25 

283 

11.80 

9.6 

15 

2 

M 

C-l 3 * * * 

445 

14.25 

444 

14.90 

9.9 

15 

2 

F 

C-l 8 

277 

13.85 

260 

14.55 

9.9 

15 

2 

M 

46 

472 

13.00 

403 

10.10 

11.4 

15 

2 

F 

46 

287 

13.85 

320 

11.95 

11.4 

15 

2 

M 

46 3 

515 

12.20 

451 

13.75 

11.7 

15 

2 

F 

46 3 

303 

14.55 

339 

14.70 

11.7 

15 

2 

M 

59 

459 

14.30 

284 

7.85 

10.5 

20 

2 

M 

58 

404 

13.80 

202 

9.85 

15.8 

20 

2 

F 

58 

223 

14.65 

178 

10.05 

15.8 

20 

2 

M 

60 

431 

14.30 

309 

10.30 

19.2 

20 


1 These animals were placed on diet 46E after they had received diet 46 for 6 

months after weaning. 

3 These animals were placed on diet 46E after 9-12 months on a normal stock 

diet. 

3 These animals received a supplement of 3 gm of i>L-methionine per kilogram of 

diet. 
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Male animals generally became slightly more anemic and 
made poorer weight gains on the deficient diets than females. 
The severity of the anemia appeared to be correlated with 
the protein content of the diet, the lowest hemoglobin levels 
occurring in the animals receiving the diets most deficient 
in protein. The important finding, however, is that the ane- 
mia was prevented by choline or methionine even at the low- 
est protein levels. 

The anemia developed within the first three months after 
the animals were placed on the diets unsupplemented with 
choline or methionine. The hemoglobin concentration re- 
mained essentially unchanged at the lowered levels between 



Fig. 1 Average hemoglobin concentration at 2-week intervals in rats fed diets 
with and without added choline. 


the third and 6th months. In one study, hemoglobin deter- 
minations were made at two-week intervals between the 4th 
and the 24th week in order to follow more closely the develop- 
ment of the anemia. The results are presented in figure 1. 
Since rats of this strain do not survive if dietary choline is 
not supplied during the period of rapid growth, it was our 
practice to supply animals on the choline-deficient diets with 
enough choline to prevent fatal kidney damage during the 
first month of the experiment. In the case of the choline- 
deficient animals represented in figure 1 this requirement 
was met by supplementing the diet with 650 mg of choline 
chloride per kilogram. As can be seen in this figure, the 
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choline-deficient animals became anemic rather rapidly be- 
tween the 6th and 10th weeks of the experiment. The lowered 
hemoglobin levels remained more or less unchanged during 
the subsequent 14-week period. 

Ineffectiveness of folic acid in curing the 
choline-deficiency an emia 

Since the diets did not contain a supplementary source of 
folic acid, it seemed desirable to determine the effectiveness 
of this factor in the anemia that results from lack of choline. 
For this purpose animals that had developed the anemic con- 
dition while subsisting on choline-deficient diet 57 for 4 
months were given a supplement of 2 mg of the sodium salt 
of pteroyl-diglutamic acid 2 per kilogram of diet. There was no 
improvement during the subsequent 4-montli peri “ cl. Hemo- 
globin levels remained unchanged and were comparable to 
those observed in litter mates not receiving the supplement. 

Edema in chronic choline deficiency 

The animals receiving the choline-deficient diet lowest in 
protein, Diet 46E, became more anemic than did animals on 
diets less restricted in protein. It was observed that a marked 
accumulation of fluid occurred in the abdominal and thoracic 
cavities as well as in the subcutaneous tissues of some of the 
animals receiving Diet 46E without choline supplement. To 
date this marked edema has been observed in 7 of 12 animals 
receiving this diet for 4 months or longer. One case of severe 
edema has been observed in an animal receiving choline-defi- 
cient Diet 57, a diet similar to Diet 46E except that it con- 
tained 6.5% casein instead of 4.5%. This edematous condition 
has not been observed in animals receiving the same diets 
supplemented with choline. 

The severity of this edema is illustrated in the photographs 
in plate 1. The edema was consistently accompanied by severe 

a The Laboratory is indebted to Dr. T. H. Jukes, Lederle Laboratories Division, 
American Cyanamid Company, for a supply of this compound. 
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hepatic cirrhosis evidenced grossly by an irregular, nodular 
liver surface. 

DISCUSSION 

It is possible that the function of choline in preventing 
anemia in these experiments is that of sparing an amino acid 
essential for the synthesis of hemoglobin protein; namely, 
methionine. The effectiveness of DL-methionine in preventing 
anemia in the present study supports this hypothesis. Robscheit- 
Robbins and associates ( ’47) have demonstrated an increased 
output of blood proteins in protein-depleted dogs by the ad- 
dition of methionine to an otherwise complete amino acid 
mixture. Albanese and co-workers (’46) observed a reduction 
in hemoglobin in rats fed diets nearly devoid of methionine. 
Li and Freeman (’47) fed rats a diet containing 9% casein 
as the source of protein and observed a marked growth stim- 
ulation and a slight rise in hemoglobin when the diet was 
supplemented with methionine. These investigators relied 
upon brewers’ yeast at a level of 0.5 gm per rat per day as the 
source of choline. The adequacy of choline intake could be 
questioned in such a diet unsupplemented with methionine, 
since that amount of yeast would supply only about 2.5 mg of 
choline per rat per day (Engel, ’42). The effectiveness of 
choline in preventing the severe anemia which occurred on 
diets containing as low as 4.5 or 6.5% casein in the present 
study would suggest either a striking protein-sparing prop- 
erty of this nutrient or some still unknown relationship 
between it and hematopoiesis. 

The possibility must be considered that the severely dam- 
aged liver resulting from chronic choline deficiency may in 
some way interfere with normal hemoglobin or red blood cell 
formation. Moosnick and associates (’45) have made the 
interesting observation that choline may have therapeutic 
value iri certain human anemias. They treated a pernicious 
anemia patient refractory to purified liver extract with intra- 
venous choline and noted a definite response. Prior to treat- 
ment the patient showed fatty metamorphosis of the liver. 
Davis and Brown ( ’47) have recently reported on the use of 
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choline in megaloblastic anemias. They observed a signifi- 
cant response to choline in two cases resembling Addisonian 
pernicious anemia which were refractory to parenteral liver 
extracts. 

It is possible that there may be a relationship between the 
lowered hemoglobin and the development of neoplasms in rats 
subjected to a chronic choline deficiency. Other investigators, 
in studying pre-cancerous changes in animals, have noted a 
correlation between tumor induction and hemoglobin level. 
Strong and Frances (’40) observed a gradual drop in hemo- 
globin in a highly tumor-susceptible strain of mice during 
the pre-cancerous stages, an abnormality which did not occur 
in mice of a strain relatively resistant to mammary tumor 
development. Taylor and Pollack ( ’42) likewise reported 
lowered hemoglobin during the pre-cancerous stage in mice 
injected with methylcholanthrenc and also in rats fed diets 
containing p-dimethylaminoazobenzene. 

The occurrence of prominent symptoms of nutritional 
edema with severe ascites in rats fed low-protein diets un- 
supplemented with choline raises a question as to the possible 
importance of choline in nutritional edema in the human. 
This disease is usually associated with an inadequate protein 
intake. Under such conditions the choline intake likewise 
would probably be inadequate. It is significant that in the 
present study the edema was consistently accompanied by 
severe liver damage, a condition which is not uncommon in 
human nutritional edema. The method reported here for the 
experimental production of " nutritional edema should be 
valuable for carefully examining the therapeutic value of 
choline or related nutrients in the control of this disease. 

SUMMARY 

Prolonged feeding of diets deficient in choline produced an 
anemia in rats. The hemoglobin levels in the deficient ani- 
mals ranged from 6.25 to 11.95 gm per 100 ml of blood. 
The anemia was prevented by dietary supplements of choline 
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chloride or DL-methionine. The sodium salt pteroyl-di- 
glutamic acid was ineffective as a curative agent. 

The prolonged feeding of diets low in protein and choline 
resulted in symptoms of severe nutritional edema in 7 of 12 
rats. This condition was not observed in control animals 
receiving the same diets supplemented with choline. 
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PLATE 1 


EXPLANATION OP FIGURES 

2 Gross nutritional edema, with marked ascites in a rat which received Diet 57 
without choline for 11 months. 

3 Same rat with a superficial dissection to illustrate fluid accumulation 
throughout the subcutaneous tissues and extensive ascites as evidenced by a se- 
verely distended abdomen. 

4 Same rat with thoracic and abdominal cavities exposed. At autopsy 169 gm 
of a clear, slightly yellow fluid was drained from the abdominal cavity of this 
animal which weighed 380 gm at death. Note the cirrhotic condition of the liver 
and the severely atrophied testes. There is a complete absence of visceral fat 
stores in this condition. 
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GROWTH EFFICIENCY OF ESSENTIAL AMINO 
ACIDS ALONE AND IN COMBINATION WITH 

CASEIN 1 - 2 

WALTER C. RUSSELL AND M. WIGHT TAYLOR 
j Department of Agricultural Biochemistry , New Jersey Agricultural Experiment 
Station , Rutgers University, New Brunswick 

ONE FIGURE 

(Beceived for publication June 28, 1948) 

The well-known report of Rose (’37) concerning the indis- 
pensability of certain amino acids for growth of the white 
rat, and his estimation of minimum requirements, have given 
rise to a number of studies in this field, some of which will be 
referred to in the discussion of the results of the present 
experiment. 

The objectives of the present study were: (1) to test again 
the growth-promoting value of the 10 essential amino acids 
when fed as the sole source of nitrogen, at the levels suggested 
by Rose; (2) to determine the effectiveness of the essential 
amino acids when fed in part as casein and in part in the 
crystalline form; and (3) to determine the effects of feeding 
the essential amino acids, as the sole source of nitrogen, at 
levels higher than the suggested minimum. 

EXPERIMENTAL 

Diets of the purified type were used and the ingredients 
common to all diets were the following: corn oil, 9%; cod 

1 Journal Series paper of the Department of Agricultural Biochemistry, New 
Jersey Agricultural Experiment Station, Eutgers University, New Brunswick. 

a Presented before the Division of Biological Chemistry, American Chemical 
Society, New York, N. Y., September, 1947. 
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liver oil, 1% ; sodium chloride, 1% ; and salt mixture, TJ. S. P. 
No. 1, 4%. Crystalline amino acids were ground with eane 
sugar to make 10% or 20% of the diet, along with the quan- 
tity of sodium bicarbonate necessary to neutralize the hydro- 
chloric acid of arginine, histidine and lysine hydrochlorides. 
Casein was used in the amounts indicated in table 1, and the 
balance of each diet consisted of corn starch. Water soluble 
vi tamin s and other organic factors were added in the follow- 
ing quantities per 100 gm of diet : thiamine, 0.5 mg; riboflavin, 
1.0 mg; pyridoxine, 0.5 mg; calcium pantothenate, 2.5 mg; nic- 
otinic acid, 2.0 mg; inositol, 0.25 mg; p-aminobenzoic acid, 
5.0 mg; choline, 20 mg; biotin, 2 ng ; and folic acid, 0.1 mg. 

Each test group consisted of 2 male and 2 female white 
rats, 21-24 days of age and weighing between 55 and 65 gm. 
The animals were housed in individual cages and fed ad lib- 
itum. The casein 3 used in the experiment had been anal- 
yzed microbiologically by Stokes and associates ( ’45). For 
diet A (table 1) the quantities of the crystalline amino acids 
fed were the minimum levels suggested by Rose (’37), except 
that the quantity of leucine was reduced from 900 to 800 mg 
and of threonine from 600 to 500 mg per 100 gm of diet. 4 

RESULTS AND DISCUSSION 

Table 1 shows the source of nitrogen fed each group, the 
nitrogen distribution in terms of the essential and non-essen- 
tial nitrogen of casein and of the active and inactive isomers 
of the crystalline amino acids, the growth response, and the 
food consumption. 

It is of interest that 50% of the nitrogen of the casein is 
that of essential amino acids and 50% is non-essential in char- 
acter. The increase in percentage of casein is accompanied 
by an increase in non-essential nitrogen from that source and 
by a decrease in the quantity of inactive crystalline D-isomers. 
Although with the increase in casein content there is an in- 

3 SMA Vitamin Test Casein. Lot No. 14126. 

4 In accordance with suggestions made in a personal communication from 
Dr. W. C. Bose. 
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1 N content of casein 13.63%, air-dried basis. 

1 Total nitrogen minus nitrogen of inactive D-isomers X 6.25. 
* Calculated to dry basis. 
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crease in total nitrogen minus the inactive D-isomers of the 
crystalline acids, the quantity of essential nitrogen in the 
casein-containing diets was kept constant at the quantity 
provided by the minimum suggested levels of the essential 
amino acids, except for a slight excess at the 6% and 8% 
casein levels due to the arginine nitrogen supplied by casein. 
An increase in the quantity of the essential amino acids, when 
they were the sole source of nitrogen in the diet, provided 
a higher level of essential nitrogen. The protein equivalents 
(N X 6.25) range from 4.93% for the diet containing the mini- 

Essential amino Acids Supplied Br Casein 



Eig. 1 Eor each amino acid the 100% line represents the requirements sug- 
gested by Rose ('37). The bars show the percentages of the amino acids supplied 
by the 2% and 8% levels of casein, the 4% and 6% levels being proportionately 
intermediate. The percentage of a crystalline acid is represented by the distance 
from the top of a bar to the 100% line. 

mum amino acid levels to 8.78% for that made with 8% casein 
and added amino acids and that designed to provide 1.77 times 
the minimum amino acid requirement. 

Figure 1 shows the percentages of the minimum levels of 
the essential amino acids supplied as casein and in the crys- 
talline form. Except for arginine, none of the essential amino 
acids was supplied by casein in excess of the minimnm require-, 
ment. When the level of casein was 8%, it was necessary to 
add only 0.8% of the leucine requirement as the crystalline 
acid, hut for the other essential acids additions of the crys- 
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talline form ranged from 10.4% of the requirement for iso- 
leucine to 65.2% of that for methionine. Higher levels of 
casein were not used, since the levels of several amino acids 
would have exceeded the minimum requirements. 

When the minimum quantity of essential amino acids sug- 
gested as necessary for growth was fed (diet A), the average 
daily gain was 0.8 gm, which is what might be expected since 
the nitrogen of the diet is equivalent to only 4.93% protein. 
This response is slightly more than, but of the same order 
as, that reported by Kinsey and G-rant (’44). It is not, how- 
ever, in agreement with the report of Albanese and Irby (’43), 
who failed to obtain growth even when more than the mini- 
mum quantities of the essential amino acids were fed. An 
explanation of this difference in results has not been found, 
but the question may be raised as to whether the isoleucine 
content of the diet used by Albanese and Irby was adequate, 
since this amino acid was supplied as a mixture of leucine 
and isoleucine, leucine being provided also as a single amino 
acid. 

At the 2% casein level the daily gain of 1.1 gm was not much 
better than that resulting when the crystalline acids were the 
sole source of nitrogen, but at 4%, 6% and 8% casein levels 
the growth responses were significantly greater and increased 
progressively with the increase in casein content until an av- 
erage daily gain of 3.9 gm was obtained with diet E contain- 
ing 8% casein. This is a very satisfactory rate of gain when 
it is considered that the diet contained nitrogen equivalent to 
only 8.78% protein, a quantity which would be equal in nitro- 
gen content to 10.3% casein. The response of 3.9 gm is in 
close agreement with that of 3.4 gm obtained by ‘Womack and 
Rose ( ’46) when they fed a mixture of 10 essential and 9 non- 
essential amino acids, although these authors did not report 
the quantities of amino acids used. 

The progressive increase in daily gain is associated with 
an increase in non-essential nitrogen and a decrease in the 
quantity of inactive D-isomers, the quantity of essential nitro- 
gen remaining practically constant. Whether the better gains 
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are due entirely to the nitrogen provided by the greater quan- 
tities of non-essential amino acids, or to this type of nitrogen 
along with some essential factor such as strepogenin (Wool- 
ley, ’46), is as yet unknown. The close agreement with the re- 
sponse reported by Womack and Eose (’46) when crystalline 
acids were the sole source of nitrogen suggests, at least, that 
it is the nitrogen of the non-essential acids, rather than some 
essential factor, that is responsible for the gains shown on 
diet E. The question of whether certain of the non-essential 
amino acids are more necessary than others for the full effec- 
tiveness of the essential acids in promoting growth is one that 
has not yet been answered. Kinsey and Grant ( ’44) found, for 
example, that the addition of glycine to a diet containing the 
essential acids at the minimum required level failed to im- 
prove the growth rate, and Hier, Graham and Klein (’44) 
noted an inhibition of growth when glycine and L-proline 
were added separately to casein and fibrin diets. 

It was necessary to use dl forms of three amino acids — 
isoleucine, threonine, and valine — whose d forms according 
to Eose (’38) are inactive for the rat. In diet A, the contents 
of inactive n-isomers per 100 gm of diet were 500 mg of iso- 
leucine, 500 mg of threonine and 700 mg of valine. With 
the increase in the percentage of casein, the quantities of in- 
active isomers decreased until at the 8% level of casein the 
content of D-isoleucine became 52 mg per 100 gm of diet, of 
D-threonine 164 mg, and of D-valine 164 mg. Whether the in- 
active D-isomers have a retarding effect on growth, and their 
progressive decrease in the casein-amino diets allowed better 
growth, is not known. It should be noted, however, that for 
diets F and G, which contained the largest quantities of in- 
active isomers, growth was not depressed below that of diet 
A, which contained the next highest levels of these isomers. 
Thus, for diet F, the quantities of the inactive D-isomers of 
isoleucine, threonine, and valine per 100 gm of diet were 
640 mg, 640 mg, and 896 mg, respectively, whereas for diet G 
the quantities were 885 mg, 885 mg, and 1239 mg. 
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The question of whether an excess of the essential amino 
acids, fed as the sole source of nitrogen, over the suggested 
minimum levels will supply the additional nitrogen necessary 
to promote better growth was given attention in the present 
investigation. Diet F, which contained 1.28 times the mini- 
mum suggested quantities of the essential amino acids, pro- 
vided 1010 mg of essential nitrogen per 100 gm of diet, a value 
which falls between the total nitrogen minus the nitrogen of 
the inactive D-isomers of the 2% and 4% casein diets. Despite 
the fact that the 1010 mg of essential nitrogen is 28% greater 
than the 790 mg of these latter diets, the growth response is 
the same as that for the 2% casein diet. The factor 1.77 was 
used to provide a diet in which the total utilizable nitrogen 
would be 1400 mg per 100 gm of diet, the same as that in diet 
E which contained 8% casein and crystalline amino acids, and 
equivalent to 8.78% protein. Even with this increase in util- 
izable essential nitrogen the average daily gain was only 
1.2 gm, which is no better than that noted when 2% casein and 
the essential acids (or 1.28 times the minimum amino acid 
levels) was the source of nitrogen. Similar observations have 
been made by Martin (’44), by Kinsey and Grant (’44) and 
by Hier, Graham and Klein (’44). 

When the quantity of essential nitrogen was 815 mg and of 
non-essential 586 mg (diet E), excellent growth occurred. 
Diet F supplied 815 mg of essential nitrogen, which should 
meet the minimum requirements for good growth, and 585 mg 
of additional essential nitrogen in place of the non-essential 
nitrogen of diet E, yet poor growth resulted. Why this ad- 
ditional essential nitrogen is not utilized by the rat is a ques- 
tion of considerable interest. 

The daily food consumption showed a progressive increase 
from 7.3 gm per rat per day for the animals on diet A to 
9.5 gm for those on diet E, except in the case of diet C for 
which the value is not as high as would be expected. The in- 
crease in food consumption was accompanied by an increase 
in average daily gain on diets A to E, inclusive. The gain per 
gram of protein equivalent was calculated using the total 
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nitrogen per 100 gm of diet minus the inactive isomers times 
the factor 6.25 as the protein equivalent. The protein effi- 
ciency increased from 2.2 gm per gram of protein equivalent, 
for diet A, to 4.7 gm for diet E, containing 8% casein. The 
increase in protein efficiency is associated with increasing 
amounts of non-essential nitrogen provided by casein and by 
any unknown growth factors contained in it, and with a de- 
crease in the content of inactive D-isomers. 

For diet F the average daily food consumption was slightly 
less than that recorded for diet A, for which the food intake 
was the lowest of the series A to E ; it was markedly less, 
4.6 gm, for diet G. The protein efficiency for diets F and G, 
containing the larger quantities of crystalline essential acids, 
was somewhat higher, however, than that observed for 
diet A, which provided the suggested minimum quantities of 
these acids. 

The question arises, of course, as to whether these lower 
food intakes were due to decreased palatahility because of the 
larger quantities of crystalline acids. For diet F, 10.0 gm and 
for diet G, 13.9 gm of crystalline amino acids were present in 
100 gm of diet. The larger of these quantities is considerably 
less than the 22.4 gm of the 10 essential and 9 non-essential 
crystalline acids per 100 gm of diet calculated for one of the 
diets fed by Rose and Fierke (’42), in which the average 
daily food consumption was 6.0 gm and the average daily 
gain 2.0 gm. Although lower palatahility of diets F and G 
may have accounted in part for the lower food consumption, 
the larger quantities of crystalline acids used by Rose and 
Fierke did not reduce growth and food consumption below 
the levels obtained with these diets. The presence of the non- 
essential acids in the diet of Rose and Fierke suggests that 
they may be necessary for growth in conjunction with the 
essential acids. Furthermore, as has been pointed out pre- 
viously, Womack and Rose (’46) more recently reported a 
gain of 3.4 gm per day when a mixture of 19 essential and 
non-essential acids were in the diet, although they did not 
state the quantities used. 
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SUMMAKY 

1. When the crystalline essential amino acids (supplied at 
the minimum levels suggested by Eose, ’37) were the sole 
source of nitrogen, subnormal growth was obtained in the 
white rat. 

2. Supplementation of 2, 4, 6 and 8% levels of casein with 
crystalline essential amino acids to meet the minimum sug- 
gested levels resulted in a progressive increase in growth rate, 
the highest rate, 3.9 gm per day, being noted at the 8% level 
of casein. 

3. An increase in the quantity of essential nitrogen (sup- 
plied by the crystalline essential amino acids as the sole source 
of nitrogen) so that it was equal to the essential and non- 
essential nitrogen supplied by the 8% casein diet supple- 
mented with crystalline acids, failed to cause an increase in 
growth rate significantly greater than that observed when 
the crystalline acids at their minimum levels were used. 
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STUDIES OF THE ALLEGED GROWTH PROMOTING 
PROPERTY OF VACCENIC ACID 1 
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(Received for publication June 30, 1948) 

Boer, Jansen. and Kentie (’46, ’47a) presented evidence in 
support of the view that the substance responsible for the 
superior growth promoting activity of summer butter is vac- 
cenic acid, an 18 carbon chain fatty acid having a double bond 
between the 11th and 12th carbon atoms. The isolation and 
proof of structure of vaccenic acid were reported by Bertram 
(’28), who used margarine fat and butterfat as the source 
materials. The configuration was found to be trans, like that 
of elaidie acid, and therefore Bertram referred to it as iso- 
elaidic acid. 

The reasoning which led Boer and his associates to test the 
growth promoting activity of this substance was unqiue. 
Earlier studies by Schantz et al. ( ’40b) as well as by Boer and 
others indicated that the growth promoting activity of butter- 

1 Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. This work was supported in part bj funds granted by the 
National Dairy Council, Chicago, on behalf of the American Dairy Association and 
by the Evaporated Milk Association, Chicago. We are indebted to Merck and 
Company, Inc., Rahway, New Jersey, for supplies of the synthetic B vitamins and 
a-tocopherol and to the Winthrop Chemical Company, Inc., New Tork, for crystalline 
vitamin D 2 . 

Some of the preliminary work involved in this research was carried out in co- 
operation with Dr. R. P. G-eyer, now at Harvard University. 

The work with synthetic vaccenic acid was made possible by the generosity of 
Dr. 3?. M. Strong and associates, who successfully synthesized both the cis and 
trans forms. 
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fat was present in certain fatty acid fractions. Distillation of 
the methyl esters of the butter fatty acids showed the activity 
to be present in the fraction containing 18 carbon atoms. The 
findings by Schantz et al. (’40a) that the fatty acid or acids 
which were responsible for the superior nutritive value of 
butterfat were present in the saturated fraction, and the ob- 
servations of Boutwell et al. ( ’41) that hydrogenation of the 
saturated fraction decreased its nutritive value slightly, sug- 
gested that the effective agent might be an unsaturated acid 
whose lead soap was insoluble in alcohol, and that hydrogena- 
tion converted it into a saturated inactive compound. The 
fact that Boutwell et al. (’41) demonstrated improvement of 
the nutritional value of the unsaturated portion of butterfat 
following its hydrogenation can also be interpreted to mean 
that the same unsaturated compound was formed during hy- 
drogenation of the original higher-unsaturated fatty acids. 

All the above observations led Boer et al. (’46, ’47a, ’47b) 
to test the growth promoting activity of the only naturally 
occurring 18 carbon atom unsaturated fatty acid which forms 
a lead soap insoluble in alcohol. 

The experimental evidence for the claim on behalf of vac- 
cenic acid by Boer et al. lies in the finding that rats fed a 
ration containing butterfat grew better than those fed diets 
containing rapeseed oil, and that the addition of vaecenic acid 
to the latter diet at a level of 0.1% of the total ration caused 
the rate of growth to approach that of the animals fed butter- 
fat. It was therefore concluded that this acid was one of the 
compounds in butterfat responsible for its superior nutritive 
value as compared with vegetable oils. 

"Work was started in this laboratory to determine the effect 
of supplementing our purified rations with vaecenic acid iso- 
lated from natural materials. The preliminary results were 
reported in the January 1948 issue of the Wisconsin Agri- 
cultural Experiment Station Bulletin (Geyer et al., ’48). 

More recently, Deuel et al. (’48) have reported on the 
alleged growth promoting activity of vaecenic acid. They ob- 
served no stimulatory effect on growth of young rats on either 
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rapeseed or cottonseed oil diets after administration of vae- 
cenic acid or hydrogenated china -wood oil. China wood oil has 
been reported by Boer et al. to be a good source of vaccenic 
acid. 

Our experiments were carried out in order to study the 
problem further. We wished to determine whether vaccenic 
acid augments the growth of young rats when added to a 
purified diet containing corn oil, which under certain condi- 
tions has been shown to be inferior to butterfat. In this work 
we used vaccenic acid isolated from natural sources as well 
as that prepared by synthesis. 

EXPERIMENTAL 

The experiments were carried out with male weanling rats 
of the Sprague-Dawley strain, three weeks of age and with 
starting weights ranging between 40-45 gm. Unless otherwise 
stated, each group consisted of 6 rats weighed once weekly, 
and growth records were of 5 to 6 weeks ’ duration. The rats 
were housed in individual metal cages with raised screen 
bottoms and watered and fed daily ad libitum on diets the 
composition of which is given in table 1. 

The butterfat used in these experiments was prepared by 
melting, decanting and filtering fresh sweet butter obtained 
from the University dairy. The corn oil used was a commer- 
cial product 2 of highest grade. Special precautions were 
taken with all fats to prevent rancidity and off flavors. All 
rations were mixed weekly and kept under refrigeration. 

Two levels of water soluble vitamins were used in some of 
the experiments because it was previously reported that the 
difference in growth rates of rats fed butterfat or corn oil 
depends on the level of the B vitamins in the diet (Boutwell 
et al., ’45). 

Yaccenic acid was prepared according to the method of 
Bertram ( ’28). The same procedure was also employed by the 
Dutch workers. The final product we obtained was very simi- 


2 Mazola. 
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lar on the basis of iodine number and melting point to that of 
Bertram and Boer et al. "We used these properties as the 
criteria for the purity of the material isolated from natural 
products. We believed that in our first 6 experiments the 
preparation used was not pure vaceenic acid, because it had 

TABLE 1 


Composition of the diets 


BASAL MIXTURE 

VITAMIN SUPPLEMENTS PER 100 GM OP 
BASAL MIXTURE 

Components 


Diet 



Medium 

level 

High 

level 

l 

2 

3 

4 


% 

% 

% 

% 


mg 

mg 

Fat 1 

28 

28 

10 2 

28 

Thiamine 

0.20 

0.50 

Casein 8 

20 

20 

5 


Riboflavin 

0.30 

0.70 

Salts 4 

4 

4 

3 


Pyridoxine 

0.30 

0.60 

Sucrose 

48 




Ca pantothenate 

1.50 

3.0 

Lactose 


48 



Choline 

150.00 

150.00 

Rice (polished) 



72 


Folic acid 


0.20 

Yeast (dried) 



10 


Biotin 


0.02 

Skim milk powder 5 





Niacin 


0.60 

(mineralized) 6 




72 

p-Aminobenzoie acid 


15.00 






Inositol 


50.00 






Carotene 

0.56 

0.56 






Tocopherol 

2.24 

2.24 






Calciferol 

0.014 

0.014 






2-Me-l,4-napthaquinone 

0.21 

0.21 


1 Butter fat or corn oil or corn oil containing 1% of vaceenic acid. 

3 Olive oil replaced corn oil in this experiment. 

8 Extracted for three two-hour periods with boiling 95% alcohol. 

4 Phillips and Hart (’36). 

6 Extracted for 4 8-hour periods with diethyl ether. 

8 Ten grams of the completed ration contain 0.6 mg each of copper sulfate and 
manganese sulfate and 12 mg of iron pyrophosphate. 


an iodine number of 81.2 and melting point of 34° C. (Wiley 
method). Bertram (’28) reported I.N. 88 and melting point 
38°C. We also observed that we could get purer material by 
increasing the number of recrystallizations from acetone at 
low temperatures. Butterfat was not a good source material 
because it contained only 0.8-0.9% of vaceenic acid, and there- 
fore we looked for a richer source. A commercially available 
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hydrogenated fat, 3 was found to be a good source of vaccenic 
acid (yield about 3%) and from this we could isolate larger 
amounts of purer material. The final preparation made from 
this source bad an iodine number of 87.6 and melting point of 
38° C. In certain experiments, the results of which are re- 
ported in table 3, this preparation was used. 

Recently Ahmad, Bumpus and Strong (’48) synthesized 
both the cis and the trans forms of vaccenic acid. The melting 
point of the cis form of the acid was 5°C. and that of the trans 
isomer was 42-43° C. The iodine number and other physical 
constants of the compound as well as its chemical characteri- 
zation by these workers, indicated the identity of its proper- 
ties with those demanded theoretically for vaccenic acid. 

The high melting point of the trans form of vaccenic acid 
has also been reported by Rao and Daubert (’48), and it is 
therefore obvious that the material isolated from natural 
sources by any other group of workers was in no case 
absolutely pure vaccenic acid. 

The results of three experiments on the supplementary ef- 
fects of vaccenic acid are given in table 2. It will be noted 
from these results that the differences in growth resulting 
from the butterfat and corn oil diets, even on medium levels 
of vitamins, were not significant. Furthermore, supplementa- 
tion with vaccenic acid did not increase the growth of rats on 
the corn oil diets. Of the 6 groups of animals fed supplements 
of vaccenic acid, only one showed a slight increase in growth, 
which, however, was within the experimental variation gener- 
ally observed in biological studies of this type. In other 
cases the acid appeared to have a slightly depressing effect on 
the growth of the animals. No other explanation, except pos- 
sibly biological variation, could be held responsible for this 
effect because chemical examination did not indicate the pres- 
ence of lead, chlorine or other contaminating material in the 
vaccenic acid preparations. 

On the basis of previous reports from this laboratory 
(Boutwell et al., ’43) that the difference between butterfat and 


8 Crisco. 
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corn oil is considerably greater -when lactose is the carbo- 
hydrate in the diet, it was decided to repeat the experiments 
with this carbohydrate replacing sncrose. Two snch experi- 
ments with lactose (diet no. 2) were carried out. In both the 
superiority of butterfat over corn oil on a lactose diet was 
again demonstrated. On the other hand, the vaccenic acid 
was found to have no effect as a supplement to corn oil diets 
.even under these conditions. 

TABLE 2 

Effects of additions of vaccenic acid to corn oil diets 
(Figures represent the average number of grams gained , range is shown by numbers 
in parentheses. Six rats in each group ) 


CARBO- 

HYDRATE 

USED 

DIET 

NO. 

EXPT. 

NO. 

NO. 0 F 
WEEKS 

VITAMIN 

LEVEL 

butter- 

fat 

CORN 

OIL 

CORN OIL 
-f- VAOOENIO 
ACID 

Sucrose 

1 

1 

6 

Medium 

173 

175 

174 . 






(162-187) 

(149-216) 

(171-186) 





High 

197 

186 

190 






(178-220) 

(162-201) 

(165-225) 

Sucrose 

1 

2 

5 

Medium 

160 

153 

150 






(145-188) 

(147-163) 

(126-192) 





High 

174 

156 

150 






(160-188) 

(149-164) 

(140-160) 

Sucrose 

1 

3 

5 

Medium 

159 

153 

141 






(129-201) 

(130-186) 

(127-149) 





High 

170 

187 

178 






(141-191) 

(176-198) 

(131-212) 

Lactose 

2 

4 

6 

Medium 

130 

122 

122 






. (115-145) 

(103-134) 

(112-143) 





High 

147 

143 

138 






(138-158) 

(128-158) 

(128-150) 

Laetose 

2 

5 

6 

Medium 

161 

128 

126 






(127-200) 

(114-154) 

(116-145) 





High 

154 

141 

129 






(140-189) 

(123-152) 

(105-152) 

Polished 








rice 

3 

6 

5 


166 

163 1 

154 a 






(160-176) 

(150-174) 

(127-185) 


1 Olive oil. 

3 Olive oil containing 1% vaccenic acid. 
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After failing to observe on our purified diets any growth 
promoting effects of vaccenic acid, it was decided to determine 
whether this activity of the material could be obtained with a 
natural diet, as closely resembling that used by Boer et al. 
(’46, ’47a, ’47b) as possible. The diet used by them consisted 
of 72% polished rice, 5% extracted casein, 10% dried yeast, 
3% salt mixture and 10% fat (butterfat or rapeseed oil or 
rapeseed oil supplemented with vaccenic acid). The diet we 
used differed from theirs only in the replacement of the rape- 
seed oil with olive oil. We made our initial trials with rape- 
seed oil obtained in the local market but due to its poor 
quality, mostly due to rancidity, we decided not to use it. 

Again 6 male rats were placed in each group ; their average 
6-week weight gain in grams is indicated in table 2, experi- 
ment 6. Here again no stimulatory effect of vaccenic acid 
could be detected. The growth of the animals on butterfat 
and olive oil diets was also found to be nearly equal. It should 
be emphasized that the starch of polished rice was the main 
carbohydrate in the diet, and this confirms the report of 
Boutwell et al. (’43) that when starch is the dietary carbo- 
hydrate there is no difference between the growth promoting 
activity of butterfat and that of the vegetable fats studied. 

As mentioned before, all the above experiments were carried 
out with weanling three-week old male rats obtained from the 
Sprague-Dawley Company. On the assumption that weanlings 
might carry from their mothers a store of vaccenic acid and 
therefore obliterate the possible beneficial effect of feeding 
this acid, we thought it desirable to test the activity of vac- 
cenic acid by using young rats depleted of this material. With 
this in mind, we depleted young female rats (future mothers 
of the experimental weanlings) by keeping them on diet no. 1 
with corn oil as the dietary fat. This was done in view of our 
previous finding that body fat obtained from rats fed a puri- 
fied diet containing corn oil as the only dietary fat contained 
no vaccenic acid (Geyer et al., ’47b). For purposes of com- 
parison we also used weanlings from mothers on diet no. 1 
with butterfat as the source of fat. In addition, two groups of 
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females were placed on a skim milk powder diet (table 1, diet 
no. 4), one group receiving butterfat, the second corn oil. 

When the females matured they were mated with normal 
males. Their young were selected in groups of three weanling 
litter mates of the same sex and weight and placed on three 
diets : one on butterfat, the second on corn oil, and the third 
on corn oil containing 1% vaccenic acid. The young from the 
sucrose-fed mothers were placed on purified sucrose diets, 
while those from the skim milk mothers were placed on skim 
milk diets. Table 3 gives the results. 

TABLE 3 

Effects of vaccenic acid supplementation on corn oil diets of depleted young 
(Figures represent the average number of grams gained in 6 weeTcs ; 
range is shown by numbers in parentheses) 


SERIES 

DIET OF THE 
MOTHER 

SEX 

NO. OF 
TRIOS OF 
LITTER 
MATES 

BUTTERFAT 

CORN OIL 

CORN OIL 
+ VACCENIC 
ACID 

I 

Butterfat 







mineralized 

M 

6 

126 

110 

105 


skim milk 



(104-151) 

(97-119) 

(91-118) 

II 

Corn oil 







mineralized 

M 

9 

148 

126 

126 


skim milk 



(122-165) 

(110-148) 

(109-151) 

III 

Butterfat- 

M 

7 

136 

122 

131 


sucrose 



(120-159) 

(102-140) 

(103-152) 

IV 

Corn oil- 

M 

9 

125 

121 

116 


sucrose 



(105-142) 

(108-138) 

(98-141) 


It was again observed that vaccenic acid produced practi- 
cally no beneficial effect on the rate of growth of young rats. 
Only in series 3, where the young were obtained from butter- 
fat-sucrose-fed mothers, was the average growth of the 
group supplemented with vaccenic acid higher than that of 
the unsupplemented group. But even here a stimulatory effect 
was observed in only 4 out of the 7 groups of animals em- 
ployed in the series, while in the other three groups no effect 
was noticeable. Considering the individual variations often 
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observed among animals in an experiment of this type, it is 
doubtful whether these higher values are significant. 

In view of the fact that we always had some doubt about 
the purity of the preparation isolated from natural sources, 
we decided to reinvestigate the problem by using synthetic 
vaccenic acid, prepared in this laboratory by Ahmed, Bumpus 
and Strong (’48). In our first trial we used the eis form of 
the synthetic compound at a level of 1% of the total fat ad- 
ministered. The plan of the experiment was identical with 


TABLE 4 

Effects of additions of synthetic vaccenic acid on the growth of young rats 
(Six animals in each group) 


PAT 

FORM OF 
VACCENIC AOID 

LEVEL OF 
VACCENIC ACID 

AVERAGE GAIN IN WT. 

IN 5 WKS. 


Expt. I 

Expt. II 

Butterfat 


°fo in fat 

gm 

107 

gm 

107 

Corn oil 



90 

88 

Corn oil supplemented 
■wit h vaccenic acid 

cis 

1.0 

87 

80 

Corn oil supplemented 
with vaccenic acid 

cis 

0.3 


75 

Corn oil supplemented 
with vaccenic acid 

cis 

0.1 


86 

Corn oil supplemented 
with vaccenic acid 

trans 

1.0 


85 


that described earlier in connection with experiments 4 and 5 
(table 2). Lactose was used as the sole carbohydrate of the 
diet, and the medium level of the B vitamins was supplied 
(table 1). The results are given in table 4. 

Although over a period of 5 weeks the weight gains of the 
animals on the supplemented or unsupplemented diets were 
exactly equal for some unexplained reason, in the second and 
third week the average growth of the group receiving vaccenic 
acid was somewhat better than that of their controls. In order 
to check the possibility that the amount of vaccenic acid which 
we were administering to the animals was too high and was 
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possibly producing some undesirable effect, we decided to 
lower the level of vaccenic acid in the diet to % and Mo of the 
amount we gave before. It should be mentioned that Boer and 
his group (’46, ’47a, ’47b) used 0.1% of vaccenic acid in their 
diets, but in practically all of our experiments we used the 
vaccenic acid at a level of 0.28% of the total diet. 

At this time the trans form of the synthetic vaccenic acid 
was also made available and its activity tested. Table 4 gives 
the results with both the cis and trans forms at different levels 
of intake. No stimulatory effect of either form of vaccenic 
acid at any level could be observed. 

DISCUSSION 

Under our experimental conditions the work described 
demonstrated conclusively that the rate of growth of rats is 
little affected whether the diet contains vaccenic acid or not. 
This was found to be true whether the basal diet contained as 
the main carbohydrate sucrose, lactose or starch, or the dietary 
fat used was corn oil or olive oil, or whether the levels of the 
water soluble vitamins were medium or high. Neither were 
there any differences when vaccenic acid was isolated from 
natural fats or made by synthesis. The results also confirm 
the report of Boutwell et al. (’43) that butterfat is always 
superior to corn oil when lactose is the sole carbohydrate of 
the diet. 

Recent studies by Jack and Hinshaw ( ’47) on the nutritive 
value of fractions obtained by cold crystallization of milk fat 
also indicate that some other factor or factors must be re- 
sponsible for the superior growth promoting activity of milk 
fat. These authors reported the — 53 °C. filtrate fraction to 
have a growth promoting action much superior to that of the 
milk fat itself. In view of the high melting point of vaccenic 
acid it would appear that after crystallization at — 20 °0. all 
of this compound would be left in the precipitate, yet the 
growth gain and efficiency of utilization of the diet on this 
fraction ( — 20° 0.) as the source of dietary fat were the least 
of the group when the diet was compared with those contain- 
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ing the original milk fat and the other fractions. The exist- 
ence of such a fraction, having growth stimulating properties 
superior to the original butterfat, has also been observed in 
our recent studies on the nutritive value of a fraction of 
butterfat prepared by cold erystillization (G-eyer et al., ’4:7a; 
Nath et al., ’48). 

The negative effect of vaccenie acid on the growth of rats 
also became apparent in our recent studies on the comparative 
nutritive values of commercial hydrogenated cottonseed oil 4 
and com oil (unpublished data). In spite of the fact that we 
can isolate from the hydrogenated product about 3% of ma- 
terial presumably corresponding to vaccenic acid, this fat did 
not support better growth of young rats than did corn oil. 

From all these experiments it is obvious that vaccenie acid 
has no special growth stimulating properties. The fact still 
remains that there is something present in butterfat at certain 
seasons of the year which may be either a definite chemical 
compound or, more likely, a fraction rich in certain favorable 
fatty acids. This factor or factors concentrated by cold frac- 
tionation from acetone has greater growth stimulating prop- 
erties than corn oil or the butterfat itself. 

SUMMARY 

1. No increase in the growth of young rats on diets 
containing either corn oil or olive oil resulted from supple- 
menting the diets with vaccenic acid isolated from either 
butterfat or commercial hydrogenated cottonseed oil. 

2. Replacing the sucrose by lactose or starch (rice) as the 
source of carbohydrate in the diets, or changing the levels of 
the water soluble vitamins, did not alter the results as far as 
the vaccenic acid supplementation was concerned. 

3. S imilar results were obtained when weanling rats from 
depleted mothers were used. 

4. Supplementing a corn oil-lactose diet with either the cis 
or trans forms of synthetic vaccenie acid produced no growth 
stimulating effects. 

4 See footnote 3, page 765. 
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It is a well-established principle of nutrition that restric- 
tions in caloric intake below certain minimum requirements 
result in a decreased retention of nitrogen. For example, 
Deuel (’48) cites evidence that in man a maximum protein- 
sparing effect of non-protein calories may be noted with 
intakes of 1500 calories per day but not when the caloric level 
is reduced to 600 calories per day. In the growing animal it is 
possible to adjust caloric intake and to measure nitrogen re- 
tention with great accuracy. Employing rats and mice, Boss- 
liardt et al. ( ’46a) have presented evidence that with increas- 
ing restriction of calories protein utilization remains constant 
until a critical caloric intake is reached. Restriction beyond 
.this point results in a very rapid diminution in the efficiency 
of protein retention. Benditt et al. ( ’48) have shown that this 
same phenomenon is apparent in the protein-deficient rat 
during a period of repletion. In fact, the critical caloric level 
for optimum protein utilization in the rat was essentially 
identical in both of these studies. 

Deuel (’48) has reviewed a number of investigations which 
show that the protein-sparing effect of carbohydrate is con- 
siderably greater than that of fat when subjects are ingest- 

1 A preliminary report of this data was presented before the American Institute 
of Nutrition, Chicago, May 22, 1947. 
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ing the same quantities of protein. Furthermore, in complete 
protein starvation carbohydrate, but not fat, has the property 
of sparing body protein. Conclusions reached by various in- 
vestigators (Landergren, ’03; Best and Taylor, ’39) make 
it appear logical that protein-sparing can be related to three 
different metabolic pathways: (1) Protein may act as a pre- 
cursor of glucose and thus be diverted into the formation of 
essential carbohydrate in complete or severe dietary carbo- 
hydrate deprivation; (2) intermediary products of carbohy- 
drate metabolism may be available for the resynthesis of 
amino acids by utilizing some of the nitrogen released by the 
catabolism of protein; (3) both dietary fat and carbohydrate 
supply essential calories and in their absence protein must 
be diverted to the production of calories. 

In considering the above factors that may regulate protein- 
sparing, it would seem likely that equal caloric intakes of 
fat or carbohydrate would spare protein to the same extent 
if some quantity of carbohydrate were present in the diet. 
Allison, Anderson, and Seeley (’46) maintained dogs on a 
markedly restricted caloric intake and found, as was to be 
expected, that the nitrogen balance index decreased; fat or 
carbohydrate added to the calorically deficient intake in- 
creased the nitrogen balance index to the same extent. 

The studies presented here were designed to investigate the 
growth promoting effects of fat, carbohydrate and protein. 
All were conducted on the growing mouse receiving caloric 
intakes that were known to be below the minimum level for 
optimum protein utilization. 

EXPERIMENTAL METHOD 

Food utilization was studied with growing mice throughout 
a wide range of caloric intakes. Two types of feeding were 
employed, ad libitum and restricted. Two protein sources, 
casein 2 and wheat gluten, were used. Although there is an 
appreciable difference in their nutritive qualities, both sources 


2 Borden’s Labco. 
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are able to support good growth in the mouse if sufficient 
protein is fed. 

The basal diet in the ad libitum experiments consisted of 
2% corn oil 3 , 20% glucose 4 , 4% salt mixture (Hubbell, Men- 
del and Wakeman, ’37), 2% eellulose 5 , and 1% Wilson’s 1 : 20 
liver concentrate powder, and was supplemented so that each 
100 gm of diet contained 4 mg of a-tocopherol, 900 U.S.P. units 
of vitamin A, 180 TJ.S.P. units of vitamin D, 1 mg of 2-methyl- 
1, 4-naphthoquinone diacetate, 0.8 mg of thiamine hydro- 
chloride, 1.6 mg of riboflavin, 0.8 mg of pyridoxine 
hydrochloride, 4.0 mg of niacin, 4.4 mg of calcium panto- 
thenate, 4.0 mg of para-aminobenzoic acid, 200 mg of choline 
chloride, and 21.6 mg of inositol. The remainder consisted of 
the protein source, hydrogenated cottonseed oil 6 and white 
dextrin, the levels being varied to obtain diets with different 
protein levels and caloric densities. 

Diets with varying protein levels and caloric densities, 
using casein and wheat gluten as the protein sources, were 
fed ad libitum to groups of 7 male albino weanling mice (Sharp 
and Dohme, Swiss Webster strain) for 10-day periods. 
Records of the body weight gains and of the food and protein 
intakes of the test animals were kept. Only the data obtained 
from those groups in which the average protein intake cor- 
responded to that giving maximum utilization with isocaloric 
diets were considered in this report. Intakes giving maximum 
utilization were 0.19 gm of casein per mouse per day and 
0.60 gm of wheat gluten per mouse per day (Bosshardt and 
co-workers, ’46b). 

In the restricted feeding experiments the daily protein 
intakes per mouse were maintained at 0.19 gm of casein 
and 0.60 gm of wheat gluten. The daily intakes of the vitamins, 
minerals, and roughage were also constant and were the 
amounts present in 2 gm of the basal diet. An intake of 2 gm 
per mouse per day is the average intake of the basal diet 

8 Mazola. 

4 Cerelose. 

5 Cellu flour. 

6 Primex. 
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containing 10% casein and 25% fat under conditions of ad 
libitum feeding for a 10-day period. Differences in caloric 
intake were obtained by varying the daily intakes of fat and 
white dextrin. 

For the calculation of caloric intakes the constants em- 
ployed were 9.3 cal. per gram of fat, 4.0 cal. per gram of wheat 
gluten, 4.4 cal. per gram of casein, 3.75 cal. per gram of glucose, 
and 4.23 cal. per gram of dextrin. Caloric intakes were calcu- 
lated on the basis of the average body weight 2/3 . This was as- 



Fig. 1 The relationship between body weight gain and calorie intake with the 
two protein sources, casein and wheat gluten. The graphic symbols used are 0 
and (J for ad libitum feeding, Q and # for increases in calorie intake by in- 
creasing intake of carbohydrate from f , and © and Q for increases in caloric 
intake by increasing intake of fat from f . 



Fig. 2 The relationship between body nitrogen gain and caloric intake with 
the two protein sources, casein and wheat gluten. The graphic symbols used are 
0 and 3 for ad libitum feeding, Q and % for increases in caloric intake by 
increasing intake of carbohydrate from t , and 0 and £ for increases in caloric 
intake by increasing intake of fat from . 
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sumed to be proportional to average body surface area during 
the 10-day period. 

RESULTS 

When the average weight gains or body nitrogen gains were 
plotted against the caloric intakes per unit of body surface 
area, it was found that at any given caloric intake the animals 
receiving the wheat gluten grew better than did those receiv- 
ing casein (figs. 1 and 2). Each point in the figures repre- 
sents the average of 7 mice. A. similar relationship was found 
when the caloric intake per unit of body surface area was 
plotted against the “caloric efficiency ratio” (gm gain in 
weight per cal. consumed) or against the body calorie equi- 
valent based on the fat and protein contents (figs. 3 and 4). 



Fig. 3 Relationship between, calorie intake per unit body surface area and the 
* i caloric efficiency ratio 7 7 with mice fed casein and wheat gluten. 



Fig. 4 Relationship between caloric intake per unit body surface area and the 
body calorie content based upon the fat and protein contents. O an d • indicate 
caloric intake increases by additional carbohydrate and 0 and Q by additional 
fat. 
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The protein (N X 6.25), fat, and water contents accounted for 
94 to 96% of the total body weight. In no case was there a dif- 
ference between the effects of fat or carbohydrate, the re- 
sponse per calorie being the same by all methods of calcu- 
lation. 

As the caloric intake was decreased, the difference in the 
nutritional quality of the two proteins was minimized (fig. 5). 
However, only a very small fraction of the ingested protein 
was used for tissue synthesis when the caloric restriction was 
severe. It would appear that throughout the range of caloric 



Tig. 5 The relationship between the calorie intake per unit body surface area 
and the growth utilization of dietary protein expressed as the percentage of 
absorbed nitrogen utilized for body nitrogen gain. 

intakes studied differences in growth were due more to the 
quantity of protein supplied than to the nutritive quality of 
that protein. 

In order to test this point, a study was made in which a 
portion of the fat and carhohydrate in the casein diets was 
replaced with equicaloric amounts of casein or wheat gluten, 
so that the protein intakes of the test animals were the same 
as in the wheat gluten series (0.60 gm per mouse per day). 
These replacements were made in the diets supplying 5.5 
to 7.0 cal. per mouse per day. This range is approximately 
50 to 65% of the caloric intake when feeding is ad libitum. 
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This replacement of non-protein calories resulted in an in- 
crease in growth and body nitrogen gain to that previously 
obtained with the wheat gluten feeding (figs. 6 and 7). The 
effects were the same when the additional protein was either 
casein or wheat gluten. 



Fig. 6 The effect of replacing non-protein calories with protein on the weight 
gains of mice subjected to a caloric restriction. The two lines are portions of 
the curves shown in figure 1. 



Fig. 7 The effect on the body nitrogen gains of mice subjected to a caloric 
restriction of replacing non-protein calories with protein. The two lines are 
portions of the curves shown in figure 2. 
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DISCUSSION 

The major factor limiting growth throughout the wide range 
of caloric intakes studied in the present investigation was the 
amount of protein ingested. At the level of adequate calorie 
consumption amounts of wheat gluten and casein were fed 
that would give optimum efficiency of protein utilization for 
growth. These levels of intake were not adequate for an 
optimum growth rate for either of the proteins studied. 
If the intake of casein was increased three-fold so as to 
equal the intake of wheat gluten, percentage utilization of 
the casein dropped from approximately 46 to 24 (unpublished 
data). This means that protein utilization was roughly halved 
by increasing the intake three times and, therefore, additional 
protein deposition must have taken place. When a restriction 
in caloric consumption was imposed so that approximately 
half of an adequate caloric intake was being supplied (1.6 
cal./gm ave. wt. % /day), the same general relationship held. 
A three-fold increase in protein intake (casein) caused a de- 
crease by one-half in the efficiency of utilization. Again extra 
protein deposition resulted, in spite of the fact that in this case 
there was a concurrent deficiency in calories. 

As the severity of calorie restriction was increased the de- 
crease in efficiency of utilization of the protein from the two 
sources appeared to proceed at different rates, so that at very 
low caloric intakes the percentage of absorbed nitrogen util- 
ized for body gain became the same for both proteins. This 
method of expressing protein utilization is complicated by the 
fact that wheat gluten was consumed in an amount three 
times greater than that of casein. On the basis of body nitro- 
gen stored, the two protein sources maintained approximately 
the same relationship to one another throughout the entire 
range of caloric intakes. When calorie restriction was severe, 
the percentage utilization of protein became so low that minor 
differences in the nutritive values of different proteins were 
no longer of major importance and the over-all effect of pro- 
tein nutrition was governed primarily by the quantity of 
protein ingested. 
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Tlie conclusion seems justified that in conditions of calorie 
undernutrition the efficiency of protein utilization is governed 
largely hy the extent of the caloric restriction, and that within 
certain limits increased amounts of protein can be utilized by 
the body if the protein intake is increased, even though no 
change in calorie consumption is effected. If caloric con- 
sumption is increased, protein will be utilized by the body 
to a greater extent, even though the protein intake is held 
constant. However, if calories are increased by adding protein 
rather than non-protein nutrients, the amount of protein 
utilized will be still larger. This means that in many states 
of semi-starvation protein is the most important limiting 
factor. 

From the data given in figure 4 it was possible to calculate 
the approximate changes in energy expenditure that accom- 
panied restriction in caloric intake. It was estimated that 
with a 34% decrease in energy intake (2.39 to 1.53 eal./gm ave. 
wt. % /day) there was a 14% decrease in energy expenditure 
(21.6 to 15.7 cal./gm ave. wt. % /day). This shows that in the 
growing animal on a constant protein intake energy conserva- 
tion is accomplished by a reduction in basal metabolism. This, 
of course, has been observed in semi-starvation by many in- 
vestigators. 

Another point of interest is the observation that fat and 
carbohydrate are equal in their protein-sparing effect. It 
must be kept in mind that some carbohydrate was present in all 
diets, so this observation in no way contradicts earlier studies 
showing a complete lack of protein-sparing by fat under con- 
ditions of total carbohydrate deprivation. In addition, rela- 
tively large amounts of protein were present in all diets. 
As the calorie restrictions became more severe, increasing 
amounts of protein were catabolized and thus were undoubt- 
edly available for conversion into carbohydrate. 

The results obtained in this study elaborate and confirm 
the results of Elman, Davey, and Kiyasu (’45), who found 
that positive nitrogen balance could be maintained on a low 
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caloric intake if sufficient protein were fed, but not when a 
portion of the protein was replaced by carbohydrate. 

SUMMARY 

The effects of restricting the caloric intake by decreasing 
the consumption of fat and carbohydrate while holding con- 
stant the protein, vitamin, and mineral intakes have been 
studied in growing mice. Under such conditions there were 
observed: (1) a decrease in growth rate; (2) a decrease in the 
efficiency of protein and calorie utilization for growth; and 
(3) a decrease in energy expenditure. 

Extra quantities of dietary protein caused increased growth 
to approximately the same extent in mice receiving an ade- 
quate caloric intake or a caloric intake restricted to about 
one-half the adequate level. 

With low caloric intakes, extra calories in the form of 
protein caused a much greater growth response than equi- 
valent calories supplied as fat or carbohydrate. 

Under the conditions of this study, in which all diets 
contained some fat, carbohydrate, and protein, fat and carbo- 
hydrate were equal in their protein-sparing effect. 
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INTRODUCTION 

The nutritive quality of a protein can be measured bio- 
logically in a variety of ways, among which the growth 
method of Osborne and Mendel (’26), the biological value 
method of Mitchell ( ’44), and the nitrogen balance index 
method of Allison and Anderson (’45) are the most com- 
monly used. Madden and Whipple ( ’40) believe that the de- 
pletion of plasma proteins puts a strain upon the body and 
accentuates the normal demand for plasma protein produc- 
tion, perhaps even at the expense of building other tissue pro- 
teins. This hypothesis was utilized by them and by other 
investigators (Cox and Mueller, ’44; Holman et al., ’34; Mel- 
nick et ah, ’36a ; Seeley, ’45 ; and Weech and Goettsch, ’38a) 
as a basis for the measurement of the nutritive values of 
proteins in terms of their ability to stimulate the production 
of plasma proteins in standardized dogs depleted of proteins. 
The results of their studies reveal that not only do various 
proteins differ in their ability to regenerate plasma protein, 
but some favor the production in the plasma of more globulins 
than albumin. The latter view was substantiated by the re- 
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suits (Cliow et al., ’48) of electrophoretic analysis of the 
plasma of protein-depleted dogs made before and after pro- 
tein hydrolysate feeding. Such a study permits a more com- 
plete analysis of the globulin fractions and a more precise 
determination of the albumin. The results indicate that lactal- 
h rmrrin hydrolysate feeding stimulates the regeneration of 
albumin but not of globulins, whereas casein hydrolysate pro- 
motes the production of both albumin and globulins. 

The above study was extended to include the oral feeding of 
5 whole proteins commonly present in our daily diets, in order 
to ascertain whether whole proteins, like the hydrolysates, 
also differ both qualitatively and quantitatively in their ability 
to regenerate different components of plasma proteins. 
Tryptic digests of casein and lactalbumin, whose chemical and 
biological properties were described by Bolling et al. (’47), 
were included in order to ascertain whether a hydrolysate 
which presents to the body for tissue synthesis a whole pat- 
tern of amino acids and peptides, available at one time, might 
not be superior to the whole proteins, which must be digested 
and then synthesized. Lastly, it is of interest to ascertain 
whether the same proteins are qualitatively similar when dif- 
ferent methods of measurement are used. The results of our 
investigation are presented in this paper. 

EXPERIMENTAL 

Depletion of the protein reserve in dogs 

Normal animals can be depleted of their protein reserves 
by plasmapheresis, by prolonged protein-free feeding, or by 
feeding a diet with inadequate caloric intake but an otherwise 
sufficient amount of nutritionally adequate protein to main- 
tain nitrogen balance. In the last situation (Lusk, ’28; El- 
man, ’44), protein is used primarily to supply the necessary 
energy. Any one of the above procedures, or a combination 
of them, should provide us with a means of protein depletion. 
Therefore, attempts were made to so deplete three groups of 
healthy normal dogs of their protein reserves, in order to 
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ascertain whether protein depletion, regardless of its cause, 
will result in similar changes in the electrophoretic patterns 
of the plasma proteins, and in the total circulating plasma 
proteins (plasma volume X plasma protein concentration). 
The procedures used for the estimation of plasma volume, 
total plasma protein concentration, and electrophoretic analy- 
ses have already been described by Chow, Seeley, Allison, and 
Cole (’48). 

The first group of dogs (Group A), totaling 15 animals, 
was kept on a protein-free diet and plasmapheresed once a 
week by withdrawing approximately one-fourth of the total 
blood volume calculated on the basis of their body weight. 
The blood was citrated and centrifuged and the plasma was 
removed. The red cells were washed once with a sterile 0.85% 
sodium chloride solution and suspended in a normal saline 
solution equal in volume to that of the plasma removed 
(Seeley, ’45). The suspension was returned to the animals in- 
travenously. Plasmapheresis was repeated as often as neces- 
sary in order to bring the plasma protein concentration to 
about 4.5 to 5.2 gm %. Its frequency was dependent on the 
adequacy of the initial protein reserve. 

The second group of 15 normal animals was put on a protein- 
free diet calculated to supply 80 cal. per kg body weight per 
day. The composition of the diet was that used by Allison and 
Anderson (’45). In our experience, this procedure of de- 
pletion required from 6 to 8 weeks to lower the plasma pro- 
tein concentration to the desired level. A third group of 5 
animals was put on a casein diet containing 0.20 gm of casein 
nitrogen and 30 cal. per kilogram body weight per day. This 
diet was prepared by replacing sucrose in the protein-fi’ee diet 
with casein. Two hundred milligrams of casein nitrogen were 
sufficient to keep normal dogs with adequate protein reserves 
in nitrogen balance, provided no less than 60 cal. per kg body 
weight per day were supplied. To deplete dogs on this 
partial starvation diet required three to 4 weeks. 

The results (see table 1) of analyses of the composition 
of plasma protein before and after such depletion demon- 
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strate that each of the three methods of depletion brought 
about a decrease in plasma volume and plasma protein con- 
centration, and therefore total circulating plasma proteins, 
by 35 to 40%. In terms of percentages the outstanding changes 
were a sharp decrease in albumin and a marked increase in the 
alpha globulins. In terms of the circulating plasma proteins, 
the albumin decreased markedly and the gamma globulin 
tended to decrease slightly; whereas the alpha globulins 
changed but little or were slightly increased. 

TABLE 1 

Composition of plasma protein of dogs before and after protein depletion bp 

different methods 


PLASMA PROTEINS 


METHOD 
OP DE- 
PLETION 


NO. 

OP 

DOGS 

USED 


TREAT- 

MENT 


PLASMA 
VOLUME Total 


Fractious 


Albu- 

min 


Globulins 
ax + a a y 


TOTAL CIRCULATING 
PLASMA PROTEINS 


Albu- 

min 


Globulins 
ai + a 2 y 


a/g 





ml 

gm c Jo 

% 

% 

% 

gm 

gm 

gm 


A 1 

15 

Control 

473 

6.21 

42 

16 

9 

12.4 

4.5 

2.5 

0.75 


15 

Depleted 

427 

4.48 

21 

26 

9 

4.0 

4.9 

1.8 

0.27 

B 2 

15 

Control 

603 

6.74 

40 

16 

8 

16.0 

6.6 

8.0 

0.67 


15 

Depleted 

510 

5.04 

21 

26 

11 

5.3 

6.8 

3.0 

0.27 

C 3 

5 

Control 

500 

6.37 

40 

15 

9 

12.7 

4.8 

2.9 

0.67 


5 

Depleted 

425 

4.52 

21 

25 

10 

3.8 

4.5 

1.6 

0.27 


1 By plasmapheresis and protein-free feeding. 

2 By protein-free feeding alone. 

3 By feeding a diet low in calories. 


Since any one of the three methods gave essentially the 
same results, the protein-free feeding method without plasma- 
pheresis was chosen for further experiments because of its 
convenience and the minimum exposure of the animals to 
possible infections during plasmapheresis. In order to stand- 
ardize our depleted dogs as much as possible, the protein-free 
feeding was continued only until the albumin to globulin ratio 
levelled to 0.2 to 0.3. Most animals did not survive further 
depletion. "We believe that these dogs were as severely de- 
pleted as if they had also been plasmapheresed. 
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Chemical and nutritive properties of test proteins 

Five commonly consumed proteins of varying nutritive 
quality (whole egg, egg white, lactalbumin, casein, and wheat 
gluten) were used for the repletion studies. Enzymatic di- 
gests of casein and lactalbumin were also included for com- 
parison with the respective undigested proteins. 


TABLE 2 

The chemical and "biological 'properties of the proteins and the protein 
hydrolysates used 


SUBSTANCES 

N 

DEGREE OF 
HYDROLYSIS 1 

NITROGEN 
BALANCE 
INDEX 2 

MAXIMUM 
PROTEIN 
EFFICIENCY 3 * d 

CANNON 
RAT 
DEPLE- 
TION 4 6 


% 





Egg white 

15.0 

0 

1.1 

3.3 

6.4 

Lactalbumin 

13.0 

0 

1.0 

3.2 

5.8 

Whole egg 

11.8 

0 

0.95 

1.8 

5.6 

Casein 

13.8 

0 

0.8 

2.3 

5.5 

Wheat gluten 
Lactalbumin 

13.2 

0 

0.3 

0.7 

2.9 

hydrolysate 

Casein 

12.7 

35 

1.0 

3.1 


hydrolysate 

13.5 

25 

0.8 

2.2 



1 Degree of hydrolysis = increase in amino nitrogen (the nitrons acid method) 
calculated as per cent of the total nitrogen. 

2 Nitrogen balance indexes were determined in normal dogs by the method of 
Allison and Anderson ( J 45). 

3 Protein efficiency was determined in mice using the method of Osborne and 
Mendel (’26). The mice were fed at 5 levels of nitrogen intake. 

4 The authors are indebted to Dr. A. Black for these measurements. 

5 Proteins were fed to rats depleted of protein reserves according to the pro- 
cedure of Cannon (’45). Protein efficiency was measured by determining the 
weight gain of these animals per gram of food nitrogen consumed. 


Since these test proteins were not chemical entities and their 
chemical composition and nutritive value might be subject to 
variation in commercial processing, a few of their chemical 
and biological properties are shown in table 2. The results 
demonstrate that with respect to nitrogen balance index, a 
measure of the amount of protein nitrogen necessary to 
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maintain nitrogen balance in normal dogs, and the growth 
efficiency, a criterion of ability to support growth in normal 
mice or to replace body tissues lost due to depletion (Can- 
non’s technique, ’45), these 5 proteins and the two protein 
hydrolysates are, as is commonly believed, in the following 
order of value : egg white and lactalbumin, whole egg, casein, 
and wheat gluten. The hydrolysates of lactalbumin and casein 
have the same nutritive values as their original proteins. 

The liver protein regeneration properties of these proteins 
were also determined by us using the Harrison and Long ( ’45) 
procedure. However, we found that the caloric intake must 
be sufficient ; otherwise the results were not reproducible. The 
following procedure, which yielded satisfactory results, is 
given in detail : 

Healthy normal rats of either sex, weighing approximately 
225 gm, were fed ad libitum a stock diet consisting of casein, 
corn, starch, and mazola with adequate vitamin and salt sup- 
plements. A week prior to the experiments these rats were 
weighed every other morning. Only those animals which 
showed constant weights (± 3 gm) within this period were 
pooled. Ten rats, the control group, were sacrificed at this 
time. The remaining animals were given only water ad libitum 
for 48 hours in order to deplete their liver proteins. Ten of 
these animals (the fasted group) were sacrificed. The remain- 
ing animals were divided into groups of 10 each and were then 
fed test diets containing 40% protein for 4 successive days 
(10 gm of diet for the first day and 8 gm for the next three 
days). It was found that, as a rule, the rats consumed all the 
rations as scheduled; animals that did not were discarded. 
The composition of the diet was 40% test protein, 22% a par- 
tially hydrolyzed starch preparation, 1 8% yeast, 4% salt, 
2% codliver oil, 24% hydrogenated cottonseed oil. 2 Twenty- 
four hours after the last feeding the animals were anesthetized 
with nembutal and exsanguinated. Immediately after sacri- 
fice, the livers were washed with a normal saline solution until 

1 Amidex. Corn Products defining Company, New York, N. Y. 

2 Primes. 
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free from red cells and were dried on filter paper and weighed. 
Tlie liver was then homogenized with about 70 ml of 0.85% 
NaCl solution in a micro Waring Blendor and made up to a 
volume of 250 ml. Aliquot samples (1.0 ml) were taken for 
determination of the total nitrogen by the micro Kjeldahl 
method. 

The residts of a typical experiment (see table 3) demon- 
strate that our samples of lactalbumin and casein were defi- 

TABLE 3 

Liver protein regeneration properties 1 


CATtWOKY 

OF 

1NTERKHT 


Control Fasting 


DIET FED 


Egg Lactal- Whole 

white bumin egg 


Casein 


Wheat 

gluten 


Mg liver 
N per 
1 00 gin 

body 

weight a 122±:3 .2 91 ±3 .6 * 105±1.1 125±1.8 109±3.8 117±1.6 107±1.4 

♦ 

Average 

body 

weight 

before 

fasting 

(gm) 228 211 222 223 221 217 222 

1 The authors are indebted to Mrs. Lois Barrows for her teclmical assistance in 
the assay. 

3 8.E. bs Standard error. 


nitoly superior to our whole egg or our egg white for the 
regeneration of liver proteins. This is not in complete ac- 
cord with the findings of Harrison and Long ( ? 45). Their data 
revealed no significant difference in the increase of liver 
nitrogen between rats fed with whole egg proteins and animals 
given casein or lactalbumin at a similar level. This discrepancy 
may be due to the difference in the samples used. It is also 
interesting to note that wheat gluten is not inferior to the 
egg proteins, according to this particular test. 
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Repletion xvith different proteins 

In order to examine the plasma protein regeneration prop- 
erties of the various proteins, the protein-depleted dogs were 
fed with diets containing one of the 5 different test proteins 
so that each animal received 0.35 gm of nitrogen and 80 cal. per 
kilogram body weight per day for a period of at least 4 weeks. 
The exception was that 0.6 gm of wheat gluten nitrogen was 
given instead of 0.35 gm, because of its low biological value. 
Determinations of total circulating plasma proteins, as well 
as albumin and globulins, were made before feeding and again 
two and 4 weeks after feeding (table 4). In summarizing 
our results we assumed the total circulating proteins, albumin 
or globulins immediately before feeding, to .be 100%. Any 
change in plasma proteins due to protein feeding is ex- 
pressed in terms of this figure. 

Total circulating plasma protein 

Our data (see table 4) demonstrate that supplementation 
of the protein-free diet with any one of the 5 proteins or two 
hydrolysates stimulated an increase in the total circulating 
plasma proteins, although the difference in the per cent in- 
crease over the depleted state was not great regardless of the 
nutritive values of the proteins fed. This fact in itself makes 
the quantitative determination of the increase in total cir- 
culating proteins not a very precise measure of the nutritive 
values of proteins. The lack of correlation is demonstrated 
by the fact that lactalbumin, with a nitrogen balance index of 
unity, did not promote the regeneration of plasma proteins 
as effectively as casein or the whole egg proteins having nitro- 
gen balance indexes of 0.80 and 0.95, respectively. Egg white, 
which has the highest biological value among the 5 proteins, 
failed to bring about regeneration of plasma proteins to the 
same extent as casein even when feeding was continued for 8 
weeks. A comparison between the whole proteins and their 
hydrolysates shows that the plasma protein regeneration 
property of casein was not improved by tryptic digestion, 
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1 All the proteins were given at a level of 0.35 gm N/kg body weight/day except wheat gluten, which was given at a 0.6 gm 
level. 

3 The total circulating proteins before feeding are taken as 100%. The figures after the ± signs are standard errors. 
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while the tryptic digest of lactalbmnm was definitely superior 
in this respect to the whole protein. However, it should also 
be pointed out that casein is rapidly hydrolyzed by the pro- 
teolytic enzymes normally present in the digestive tracts of 
the animals, whereas lactalbumin is not. 

Total circulating albumin 

Since animals suffer a severe loss in the total circulating 
alb umin as a result of depletion, it seems reasonable to expect 
that on repletion the albumin will be regenerated in preference 
to other plasma proteins. The data demonstrate that feeding 
each of these 5 proteins brought about a marked increase in 
albumin, ranging from 191% for lactalbumin to 117% for 
egg white after two weeks of feeding. The latter protein is 
surprisingly ineffective for the purpose of plasma albumin 
regeneration. It is interesting to note that statistically the 
rates of regeneration of albumin by the hydrolysates were 
significantly greater than those of the corresponding proteins 
(191% against 230% for lactalbumin and its hydrolysate; 
177% against 223% for casein and its hydrolysate). After 4 
weeks of feeding the regeneration of albumin continues ex- 
cept with wheat gluten, egg white, and casein hydrolysate. 

Total circulating globulins 

An examination of our data on globulin regeneration shows 
that protein supplementation brought about an increase in the 
total circulating globulins except with lactalbumin or its hy- 
drolysate. Since protein depletion results in only a very slight 
decrease in the globulin content, it is to be expected that on 
repletion the increase of globulins is likewise less marked 
than that of the albumin. Our data do not demonstrate the 
existence of any significant difference in the regeneration of 
globulins among the various proteins. The most pertinent 
information gained in this study, therefore, is the lack of 
ability of lactalbumin or its hydrolysates to regenerate globu- 
lins, although they surpass other proteins in stimulating the 
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production of albumin. The results of electrophoretic analyses 
of various globulin fractions in the plasma of protein-depleted 
dogs before and after feeding the test proteins and hydroly- 
sates are shown in table 5. It should be emphasized that the 
electrophoretic analyses of the individual globulin fractions 
are more subject to error than the albumin (Chow et al., ’45; 
Petermann et al., ’47). The data, nevertheless, demonstrate 
that the total circulating alpha globulins were slightly in- 
creased by feeding egg white proteins and wheat gluten, but 

TABLE 5 

Effects of oral feeding of different proteins on the 'various globulin fractions in 
the plasma of protein-depleted dogs 


PROTEIN 

NUMBER 

DOGS 

TOTAL CIRCULATING GLOBULINS AFTER 4 WEEKS 

OF FEEDING 1 


USED 

alpha (1 and 2) 

gamma 

other globulins 

Egg white 

6 

125 ± 14 

110 ± 14 

133 ± 19 

Lactalbumin 

4 

78 ±11 

73 ± 9 

113 ± 10 

Whole egg 

5 

103 ± 14 

136 ± 5 

139 ± 11 

Casein 

6 

111 ± 7 

125 ± 8 

131 ± 5 

Wheat gluten 
Lactalbumin 

5 

131 ± 8 

125 ± 6 

130 ± 5 

hydrolysate 

Casein 

6 

73 ± 16 

130 ± 16 

108 ± 17 

hydrolysate 

5 

92 ±16 

172 ± 5 

137 ± 7 


1 The total circulating globulins before feeding are taken as 100%* The figures 
after the ± signs are standard errors. 


were decreased by feeding lactalbumin hydrolysate. Other pro- 
teins did not cause any significant change in this particular 
fraction. The gamma globulin, in which the antibodies lie, is 
• also significantly increased by protein supplementation. Other 
globulin fractions (i.e., all other globulins excluding the alpha 
and gamma forms) were increased following the addition of 
the proteins to the protein-free diet except in the cases of 
lactalbumin and its hydrolysate. 

The albumin to globulin ratios, as determined electro- 
phoretieally on samples of plasma taken immediately before 
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feeding and 4 weeks after feeding, are given in table 4. Our 
data demonstrate that this initial ratio varied between 0.17 
and 0.28, with an average of 0.23. Eepletion with the two hy- 
drolysates or with lactalbumin brought the ratio to approxi- 
mately normal. 3 Casein and the whole egg proteins were less 
effective. The A/G- values of the plasmas of the dogs receiving 
egg white and wheat gluten proteins were not increased. 

DISCUSSION 

The fact that various food proteins differ qualitatively in 
their ability to promote synthesis of plasma proteins has been 
established by investigators at Rochester (Holman et al., ’34; 
Madden et al., ’37, ’38 ; McNaught et al., ’36 ; Pommerenke et 
al., ’35) Tale (Melnick et ah, ’36a, ’36b, ’37) and Columbia 
(Weech and Goettsch, ’38a, ’38b, ’39). Table 6 was prepared in 
order to present a comparison of the data reported by these in- 
vestigators with those we have obtained. The proteins are ar- 
ranged according to the descending order of the nitrogen 
balance indexes, with egg white (index of 1.1) at the top and 
wheat gluten (index 0.3) at the bottom. According to the 
plasmapheresis technique, casein was definitely inferior to 
both lactalbumin and egg white. Determination with the 
Weech and Goettsch partial depletion technique (’38a), and 
on the basis of the increase of chemically estimated albumin 
showed that lactalbumin and egg white proteins were su- 
perior to casein and wheat gluten. In terms of the increase 
of total circulating proteins of the more severely depleted 
dogs, all 5 proteins were more or less alike. In terms of 
electrophoretic albumin, whole egg proteins and lactalbumin 
were superior to casein, wheat gluten and egg white. How- 
ever, in terms of globulin regeneration lactalbumin or its hy- 
drolysate was the most ineffective. In examining the results 
given in table 6 it is well to note that the methods of assay 

3 In our experience with more than 50 analyses involving 45 dogs which had 
been on a commercial dog food (Friskies, Albers Milling Company, Peoria, 111.) 
and whole egg with occasional liver supplement for 4 to 6 weeks, the A/G- ratio was 
0.64 ± 0.026. 
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were entirely different. As pointed out by Weech (’42), tbe 
plasmapheresis technique (Madden and Whipple, ’40) meas- 
ures total capacity for the formation of serum protein as op- 
posed to the depletion technique (Weech) which measures 
relative differences in rate of the formation of alb umin as 
estimated by the salt fractionation method. In the present 
study the animals were put on a protein-free diet for a period 

TABLE 6 


A comparison of the plasma protein regeneration properties of different proteins 
measured with various techniques 


SOURCE 

Off 

PROTEIN 

SERUM PROTEINS 
PRODUCED BY 
FEEDING 100 GM 
DIETARY PROTEIN 
DURING PLASMA- 
PHERESIS 1 

“CHEMICAL 
ALBUMIN” RISE 

IN THREE WEEKS 
(PARTIAL 
DEPLETION 
TECHNIQUE 

Off WEECH ) 2 

DEPLETION BY PROTEIN-ffREE 
DIET ffOR 6 TO 8 WEEKS : 
INCREASE IN TOTAL 
CIRCULATING 3 

Protein 

Albumin 

Globulin 


gm 

gm/100 ml 

% 

% 

% 

Egg white 

17 

0.616 

130 

160 

130 

Lactalbumin 

18 

0.773 

130 

260 

100 

Whole egg 


0.602 

150 

290 

130 

Casein 

10 

0.425 

140 

220 

120 

Wheat gluten 

0.207 

140 

170 

130 


1 The figures refer to grams of serum proteins produced by feeding 100 gm of 
dietary protein. 

2 The figures refer to 0.15 plus the rise in albumin concentration (in gm/100 ml) 
in the serum during the week in which the food was fed. The constant, 0.15, is to 
be regarded as an allowance for maintenance. 

8 The figures refer to increase in total circulating proteins expressed as per cent 
of the initial values before feeding, i.e., 100% for depleted animals. 


of 6 to 8 weeks instead of three weeks (Weech ’s procedure), 
so that the plasma proteins reached a level of 4.0 to 4.5 gm %. 

In addition to differences in the nutritional states of the 
dogs used, it must be mentioned that the 5 test proteins under 
comparison are not chemical entities. The nutritive quality 
of samples of lactalbumin might differ, depending on the proc- 
ess used in preparing them. In our experience, some commer- 
cial samples of lactalbumin gave nitrogen balance indexes 
ranging from 0.8 to 1.0. In the case of egg white, the situa- 
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tion is further complicated by the presence of the trypsin 
inhibitor (Harte, ’45) and avidin, which might make some 
species of test animals deficient in biotin. 

In the present paper are presented results of the measure- 
ment by different methods of the nutritive qualities of iden- 
tical samples of 5 proteins. Hence, any variation in our re- 
sults cannot be attributed to differences in the samples of 
proteins used. The results demonstrate that, in general, the 
commonly-used methods of measurement show a marked simi- 
larity in results except as regards liver protein regeneration 
and plasma protein regeneration properties. In the latter 
case, the criterion must specify whether the increase is of al- 
bumin or globulins. 

The marked difference in the plasma protein regeneration 
properties of lactalbumin and casein is confirmed in whole 
proteins as in the hydrolysates, although the experiments were 
not designed to elucidate the explanation for this difference. 

It is also of interest to note that there appears to be a 
significant difference between lactalbumin and its hydrolysate 
with respect to rate of albumin regeneration. It is conceivable 
that the hydrolysate is more efficiently utilized because of the 
availability of all the essential amino acids at one time. Di- 
gestion of lactalbumin by the animals not only takes time but 
may release different essential peptides at different rates 
(Melnick et al., ’46). On the other hand, a protein like casein 
is readily hydrolyzed in the intestines and therefore it is 
reasonable to believe that it is absorbed as readily as its 
hydrolysate. 

SUMMARY 

The nutritive properties of 5 proteins (whole egg, egg 
white, lactalbumin, casein and wheat gluten) as well as two 
hydrolysates of casein and lactalbumin present in commonly 
consumed diets were measured with respect to their ability 
to support nitrogen balance, to promote growth, to replace 
body tissues, to regenerate liver proteins, and to stimulate the 
production of plasma proteins. It was found that, in general, 
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a parallelism exists among the results arrived at by the test 
methods used except for egg white, which is superior to the 4 
other proteins according to the first three tests but not ac- 
cording to the last two. 

Our data again demonstrate that lactalbumin or its hydroly- 
sate favors the regeneration of albumin in protein, whereas 
other proteins will regenerate globulins as well. Examination 
of the A/G ratio after repletion demonstrates that the ratio 
returned to normal only after the feeding of lactalbumin, its 
hydrolysate, and casein hydrolysate. 
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The urinary excretion of pteroylglutamic acid (PGA) by- 
normal human subjects receiving a mixed diet with no PGA 
supplement is quite low, being usually less than 5 qg per 24 
hours (Johnson, Hamilton and Mitchell, ’45; Steinkamp, 
Shukers, Totter and Day, ’46; Swendseid, Bird, Brown and 
Bethell, ’47; Jukes, Franklin, Stokstad and Boehne, ’47). 
Following the oral administration of 5 mg of PGA to such 
normal subjects, 30 to 50% of the test dose appears in the 
urine within 24- hours (Steinkamp et al., ’46; Swendseid et al., 
’47 ; Jukes et al., ’47). Most of the excreted material appears 
in the urine within the first 4 hours following dosage (Stein- 
kamp et al., ’46). The urinary excretion of a group of 7 
hospital patients with various blood dyscrasias, before PGA 
treatment, did not differ significantly from that of normal 
subjects ; however, following a test dose of PGA, the urinary 
returns were less than 11% of the dose (Steinkamp et al., ’46). 

1 Research paper no. 879, journal series, University of Arkansas. This work 
was assisted by grants-in-aid from the Nutrition Foundation, Inc., and the Lederle 
Laboratories Division of the American Cyanamid Company. The pteroylglutamic 
acid and pteroic acid used were supplied by Lederle Laboratories. 
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At least half of the administered oral dose of PGA is there- 
fore unaccounted for. We might speculate that it could: (1) 
remain unahsorhed and appear in the feces; (2) be destroyed 
in the intestinal tract; (3) be absorbed and stored in the tis- 
sues; (4) be absorbed and destroyed in metabolism; (5) be 
absorbed and converted into some metabolite which does not 
stimulate the growth of Streptococcus faecalis or Lactobacillus 
casei and in that form be excreted in the urine; or (6) be dis- 
posed of by a combination of the foregoing. It seemed feasible 
to test the first of these possibilities by balance experiments 
upon a suitable primate. Such studies have been made 
upon the rhesus monkey and are reported in this paper. 

EXPEEIMENTAL 

Young rhesus monkeys (2.1-2.9 kg) were housed in steel 
metabolism cages equipped with funnel-shaped stainless steel 
pans for the collection of urine. Routine hematological studies 
were made at weekly intervals. After a preliminary period of 
observation the animals were given the PGA-deficient diet 
described by Day and Totter (’47; see p. 317). This diet, 
if unsupplemented with PGA or some crude source of the 
vitamin, will eventually result in anemia, leukopenia, ulcera- 
tion of the gums, diarrhea, and death. The anemia and 
leukopenia so induced respond dramatically to either pter- 
oyltriglutamic acid (Day, Mims and Totter, ’45) or to syn- 
thetic PGA (Totter, ’46). Although the amount of this ration 
fed per monkey per day contains approximately 20 ng of 
PGA, the diet consistently produces the deficiency syndrome. 
It may, in fact, be more suitable than highly refined diets 
for the production of PGA deficiency, since diets containing 
purified foodstuffs only have been shown to be deficient in 
another factor required by the monkey (Cooperman et al., 
’46). 

In the experiments here described, daily urine and fecal 
collections were made for microbiological assay. The urine 
was collected under benzene, diluted to a convenient volume, 
and stored in a refrigerator. The feces were collected, 
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weighed and mixed, and a weighed sample of them was homog- 
enized in a Waring Blendor and stored in the refrigerator. 
The microbiological assays (Mitchell and Snell, ’41) em- 
ployed Streptococcus faecalis (American Type Culture 
Collection no. 8043), using synthetic PG-A as a standard. Turbi- 
dimetric readings were made with a Coleman spectrophotom- 
eter. In one series of assays, to be referred to later, simul- 
taneous determinations were also made using Lactobacillus 
casei. The urines were assayed for free PGA only. Assays 
were made on the feces for both free and conjugated PGA; 
for the conjugated PGA, conjugase preparations from rat 
liver (Mims, Totter and Day, ’44), chicken pancreas (Las- 
kowski et al., ’45) and hog kidney (Bird et al., ’45) were 
employed. The highest accurate value obtained with the three 
enzymes was used. The period of collection for each experi- 
ment was three weeks or longer. 

In the balance experiments here reported, the following 
materials were fed to monkeys, as daily supplements to the 
deficient diet, under suitably controlled conditions: 100 yg 
of synthetic PGA ; 1000 yg of synthetic PGA ; 100 pig of pteroie 
acid; 2.5 gm of yeast extract, 2 which contained approximately 
100 |ig of PGA, largely as the conjugate. Balance studies 
were also made on a control monkey receiving no supplement 
to the deficient diet. The 100 yg level was chosen as a daily 
supplement because this appears to be approximately the 
minimum protective dose of PGA for a young monkey weigh- 
ing 2-3 kg. Although, on the basis of microbiological assays 
of materials previously shown to protect the monkey, Day 
and Totter ( ’47) tentatively set the minimum daily protective 
level at 40 to 80 yg PGA as supplement to the deficient diet, 
subsequent unpublished experiments with synthetic PGA have 
indicated that 100 yg is probably the minimum daily dose 
necessary to protect against deficiency manifestations. The 
monkey which was given 2.5 gm of yeast extract likewise 
received the minimum protective amount of PGA, in the 
form of the conjugate equivalent to about 100 yg of PGA. 


Difco. 



806 


PAUL L. DAY AND JOHN R. TOTTER 


Although under certain circumstances the monkey may not 
satisfactorily utilize the conjugate, an amount of conjugate 
equivalent to 100 ng of PGA was found completely protective 
when fed in the form of yeast in long-term experiments (Day 
and Totter, ’47, pp. 319-320). 

The data obtained were treated statistically by the analysis 
of variance method (Snedecor, ’46). 



Fig. 1 Average daily excretion data, expressed in terms of mierobiologically 
equivalent amounts of PGA, on monkeys receiving daily the amounts of the ma- 
terials indicated below the respective bars. 

RESULTS AND DISCUSSION 

The monkeys receiving 100 ng of PGA, 1000 ng of PGA, 
and 2.5 gm of yeast extract maintained normal blood pictures 
throughout the studies, as would be expected. During the 
short period of the balance study, the monkey receiving 100 ng 
of pteroic acid was also 1 free of deficiency manifestations; 
although we assume that pteroic acid — at this level at 
least — would not protect the monkey, the experiment was 
not continued long enough to prove this point. 

Figure 1 presents in graphic form the average daily excre- 
tions of PGA (i.e., substances stimulating the growth of 
Streptococcus faecalis) by monkeys fed 2.5 gm of yeast 3 (con- 

3 See footnote 2, p. 805. 
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taming conjugate equivalent to 100 [ig of PGA), 100 ng of 
synthetic PGA, and 100 |jg of synthetic pteroic acid (PtA) ; 
and by a control monkey receiving no supplement to the de- 
ficient diet. In this figure the excretion data are plotted per 
kilogram of body weight. The control monkey was somewhat 
larger (2.96 kg) than the other animals (2.08-2.43 kg). When 
expressed in terms of total outputs, the deficient control ex- 
creted significantly greater amounts than the other monkeys. 
It therefore seemed more valid to make comparisons per 
unit of body weight. Expressed in this way, as is shown 
in the figure, there appear to be no significant differences 
among the 4 animals as regards urinary excretion, fecal ex- 
cretion, and total excretion. A statistical study of the data 
has confirmed the impression that the differences are not 
significant. 

Several conclusions seem immediately apparent and fully 
justified on the basis of this experiment. The minimum daily 
protective dose of synthetic PGA (100 ng), when given by 
mouth, does not significantly increase either the urinary or 
the fecal excretion of microbiologically active substances. It 
is thus obvious that at this level of intake the PGA does not 
pass through the intestinal tract unchanged; from these data 
we cannot conclude whether it is (1) altered or destroyed 
in the intestinal tract or (2) absorbed from the tract, 

Pteroic acid, when fed at the 100 Mg per day level, did not 
appreciably increase the excretion of active substances in 
either the urine or the feces. Here again, we cannot decide 
on the basis of these data whether the pteroic acid was 
che mi cally altered in the tract and excreted in the feces in a 
form microbiologically inactive, or whether it was absorbed 
from the tract. In any event, it did not appear in the urine 
in measurable quantities, for the urinary level of microbio- 
logically active material was not increased. Furthermore, 
urine samples from this monkey and from the monkey re- 
ceiving 100 ng of PGA were assayed with both Lactobacillus 
casei and Streptococcus faecalis. The assay values obtained 
with the two organisms were in substantial agreement for 
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both animals. This constitutes additional evidence that orally 
administered pteroic acid, at this level of intake, does not 
appear in the urine in measurable quantities. 

The conclusions to be drawn from the yeast experiment may 
be no less significant. The conjugate supplied by 2.5 gm of 
yeast extract did not alter the total fecal output or the con- 
jugate fecal output to any important extent. Actually the 
data (fig. 1) show a fecal conjugate excretion by the yeast 
monkey twice that of the PGA monkey. It must be remem- 
bered, however, that the measurement of the conjugate, even 
in the bands of a skilled technician, is subject to several cumu- 
lative errors with the methods now available. Because of these 
possible errors and the small quantity of conjugate in the 
fecal specimens, we attach no great significance to these ap- 
parent differences in conjugate content. Whether such dif- 
ferences are significant or not, this point stands out clearly: 
the average daily conjugate content of the feces of the mon- 
key receiving yeast extract was only 5% of the yeast PGA 
conjugate fed. Quite evidently, crude yeast extract conjugate 
does not pass through the intestinal tract of the monkey 
unchanged. 

A general conclusion seems warranted from this experi- 
ment. The young rhesus monkey on a PGA-deficient diet con- 
tinues to excrete a limited amount of material having micro- 
biological activity like that of PGA. In this experiment the 
daily output in the urine averaged about 1 qg, and in the feces 
about 10 pg, per kilogram of body weight. These excretion 
levels must be looked upon as basal levels. They were not in- 
creased by an oral intake of synthetic PGA sufficient to supply 
the minimum requirement of the monkey (100 qg per monkey 
per day), nor by 100 qg of pteroic acid, nor by yeast con- 
jugate equivalent to 100 qg of PGA. 

This concept of a continuous basal urinary and fecal excre- 
tion of PGA by the monkey must not be interpreted as im- 
plying a rigidly constant excretion. Such is not the case. 
Repeated observations of a given animal receiving the same 
diet for a long period have shown significant alterations in 
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output from time to time. Whether these changes are the 
result of seasonal or temperature changes, minor differences 
in diet constituents from batch to batch, or to other factors, 
we cannot say at this time. These findings do emphasize the 
importance of rigid control in such balance experiments, 
either by the use of simultaneous experiments or by consecu- 
tive experiments on a single animal. 

Figure 2 represents the data from an experiment in which 
the intakes were 1000 and 100 Mg of synthetic PGA respec- 
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Fig. 2 Average daily excretion data, expressed in terms of microbiologically 
equivalent amounts of PGA, on a monkey receiving 1000 fig and 100 fig of syn- 
thetic PGA daily, in successive experimental periods. 


tively, the former value a 10-fold increase over the minimum 
daily requirement of the monkey. These were successive 
studies on the same animal, and since the monkey did not 
change weight during the series, comparisons are valid with- 
out taking body weight into consideration. It is immediately 
apparent from an inspection of the figure that the outputs in 
both urine and feces were significantly greater during the 
1000 ng period than during the 100 Mg period. Statistical 
treatment of the data confirms the significance of these dif- 
ferences. Viewing our findings superficially, we would con- 
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elude that a 10-fold increase in intake resulted in a tliree-fold 
increase in output. Examining- the data in the light of the 
experiment summarized in figure 1 and similar unpublished 
experiments, however, we may properly conclude that the out- 
put of the animal during the 100 pg intake period was the 
“basal” output, which would have been essentially the same 
had no PGA been added to the deficient diet. If we subtract 
this “basal” urinary output (4.8 pg) from the average uri- 
nary output during the 1000 pg period, we find that the in- 
crease in urinary output was approximately 10 pg, which 
is only about 1% of the daily dose. One might speculate that 
this low urinary return was the result of low tissue levels 
of PGA, in which case the feeding of large daily doses over a 
long period should result in tissue saturation and an increase 
in urinary output. However, no such increase has been ob- 
served in a monkey which has received 1 mg of PGA daily 
for 80 days. This low percentage of urinary excretion is in 
sharp contrast to the r'esponse of the normal adult human, who 
excretes in the urine 30-50% of a 5 mg oral test dose of PGA 
within 24 hours. This difference may be related to the peculiar 
susceptibility of the young rhesus monkey to PGA deficiency. 

It is also clear from this experiment that orally adminis- 
tered synthetic PGA does not, to any important extent, pass 
unchanged through the intestinal tract of the monkey; al- 
though the higher level of feeding resulted in an increased 
fecal output, that daily fecal increase was less than 1% of the 
daily dose. 

The fate of the other 98% of the 1000 pg dose of PGA is 
yet to be elucidated. We cannot conclude from these exper- 
iments whether it is altered or destroyed in the intestinal 
tract, whether it is absorbed and stored in the tissues, or 
whether it is absorbed and then altered or destroyed in 
metabolism. 

STJMMAEY 

Young rhesus monkeys were given a diet known to produce 
the anemia, leukopenia, and other manifestations of pteroyl- 
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glutamic acid (PGA) deficiency. Daily urine and fecal collec- 
tions were made and these excreta assayed for PGA, using 
Streptococcus faecalis. Suitable conjugase preparations were 
employed in the fecal analyses. Bach experimental period 
lasted 21 days or longer. 

The following daily additions were made to the diets of 
such animals, under suitably controlled conditions : 100 ng of 
synthetic PGA (which is the approximate minimum daily 
requirement) ; 100 ng of synthetic pteroic acid ; 2.5 gm of yeast 
extract, containing approximately 100 yg of PGA, largely in 
the form of the conjugate. The average daily urinary and fecal 
PGA excretions of these monkeys, when expressed on a body 
weight basis, were not significantly different from the excre- 
tions of a control monkey receiving the deficient diet only. 
In this series the average daily urinary outputs were approxi- 
mately 1 jjg, and the average fecal outputs were between 8 and 
10 jig, expressed in terms of synthetic PGA per kilogram of 
body weight. These may be considered “basal” levels of 
excretion. 

It is concluded that neither synthetic PGA, synthetic 
pteroic acid, nor crude yeast PGA conjugate, when fed at the 
100 jjg level, pass through the intestinal tract of the young 
rhesus monkey unchanged. 

Increasing the daily intake of synthetic PGA to 1000 ng 
resulted in a three-fold increase in urinary and fecal output 
over the “basal” level. Notwithstanding, the actual urinary 
increase was only about 1% of the oral dose and the fecal 
increase much less than 1% of the dose. Obviously, even at 
high levels of intake, synthetic PGA does not, to any significant 
extent, pass through the intestinal tract of the monkey un- 
changed. 

The low percentage urinary return of large daily oral doses 
of synthetic PGA by the monkey is in sharp contrast to the 
response of the normal adult human, who excretes 30-50% 
of a 5 mg oral dose within 24 hours. 
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It has been demonstrated in previous experiments (Geiger, 
’47; Cannon et al., ’47; Schaeffer and Geiger, ’47), that in- 
complete amino acid mixtures cannot be stored in the animal 
organism, and that protein synthesis occurs only when all 
the essential building stones are available simultaneously. 
These results were recently confirmed by Harte, Travers and 
Sarich (’48), who demonstrated that alternate feeding of 
wheat gluten and a protein hydrolysate resulted in signifi- 
cantly poorer growth than that obtained when both sources 
of nitrogen were fed together. These results are further 
supported by the experiments of Yeshoda and Damodaran 
(’47), who found that injections of tryptophane into animals 
on tryptophane-free diets had a hemopoietic effect but failed 
to prevent the loss of body weight. Finally, Pearce, Sauberlich 
and Baumann (’47) have shown for mice, and Sauberlich and 
Baumann ( ’48) for rats, that urinary amino acid losses are in- 
creased when the animals are fed incomplete amino acid mix- 
tures. In all these experiments, only amino acids themselves 
or amino acid mixtures were investigated. The results, there- 
fore, are primarily of theoretical interest and their practical 
value is restricted to those instances when mixtures of the 
amino acids are fed or injected. The proteins actually present 


813 



814 


| E. GEIGER 

in food differ from thfe amino acids in tiiat they are slowly 
digested and absorbed and therefore it seemed advisable to 
ascertain whether the t findings discussed above could be ex- 
tended to the dietary pk-oteins ; hence the present investigation 
of the metabolic fate off the proteins which lack one or more 
essential building stone and therefore do not promote growth 
satisfactorily. 

In order to study this problem it was decided to select pairs 
of proteins which, died separately, do not promote growth, 
but which, when *,ven together, supplement each other’s 
amino acid deficiencies. By alternately feeding such protein 
pairs the author intended to duplicate the conditions which 
obtained in earlier experiments with delayed supplementation 
of amino acids. 

METHODS 

The composition of the basal diet was as follows: Corn 
starch, 3050 gm (78.3%); rice bran concentrate, 400 gm 
(10.26%); cottonseed oil, 200 gm (5.13%); IT.S.P. salt mix- 
ture, 200 gm (5.13%); fish oil (1 gm contains 2,000 I.U. 
vitamin A and 400 1.U. vitamin D) 50 gm (1.27%) ; riboflavin, 
75 mg; Ca pantothenate, 150 mg; choline chloride, 2.5 gm. The 
protein sources used and their respective nitrogen contents 
in per cent were as follows: cultured yeast (Strain G), 1 
N (Kjeldahl) 6.9; wheat gluten, 2 N (Kjeldahl) 12.14; blood 
protein, 3 N(Kjeldahl) 13.43. 

Male Sprague-Dawley rats weighing from 45 to 50 gm 
were used. The animals were placed in individual cages. Body 
weight and food consumption were determined daily. A de- 
tailed description of the technic of feeding has been given 
in an earlier paper (Geiger, ’47). 

The rats of the different groups received food from 8:00 
a.m. to 6 : 00 p.m. and from 8 : 00 p.m. to 6 : 00 a.m. The feeding 
cups were removed for two-hour intervals between the feeding 
periods. 


1 Anheuser Busch. 

2 Pure Glutea Pood Co. 
3 Viobin Coxp. 
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EXPERIMENTAL 

The results of these experiments are presented in table 1. 


TABLE 1 

Growth of rats during 16 days on feeding of supplementary pairs of proteins 


PLAN 

OP 

PEEDING 


PAIRS OP SUPPLEMENTARY PROTEINS 

Wheat gluten 

4* 

hlood protein 

Yeast 

+ 

blood protein 

Wheat gluten 
+ 

yeast 


gm 

gm 

gm 


Group III 

Group III 

Group III 


19 

16 

24 

Ted together 

22 

18 

15 

17 

22 

28 


30 

22 

30 


Group IV 

Group IV 

Group IV 


3 

— 9 

—4 

Fed separately 

2 

—2 

— 3 

—5 

3 

4 


—4 

2 

6 


Experiments with wheat gluten and Mood protein 

The first pair of supplementary proteins studied consisted 
of wheat gluten and blood protein. Wheat gluten is deficient 
in lysine (Mitchell and Block, ’46), while blood protein is 
especially low in isoleucine (Albanese, ’45). 

Four groups of male rats were used, each consisting of 4 
animals of practically equal weight (45-50 gm). Group I re- 
ceived a diet containing 9% blood protein, group II one con- 
taining 9% wheat gluten, and group III a ration containing 
4.5% blood protein and 4.5% wheat gluten; group IV was 
fed a diet containing 9% blood protein for 10 hours and, 
for the next 10-hour feeding period, one containing 9% wheat 
gluten. 

~ The animals of groups I and II showed no growth for a 
period of 16 days, indicating that neither blood protein nor 
wheat gluten by itself promotes growth when fed at a 9% 
level. During the 16-day period the animals of group III 
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gained 19, 18, 22, and 30 gm, indicating that blood protein and 
wheat gluten fed together promote growth, i.e., that they 
supplement each other’s amino acid deficiencies. Groups III 
and IV were subjected to paired feeding; their total food 
and protein intakes were practically the same, being 130 ± 5 
gm total food intake per animal for 16 days. In spite of this, 
the animals of group IV which were fed rotating diets con- 
taining blood protein and wheat gluten showed no appreciable 
growth. One animal gained 3 gm ; the second, 2 gm ; the third 
and 4th animals lost 2 and 4 gm, respectively. 

These experiments indicate that the two proteins under 
examination exert their complementary influences only when 
fed simultaneously. 

Experiments with yeast und blood protein 

In the second group of experiments yeast was used as a 
protein complementary to the blood protein. The method of 
feeding was the same as that used in the preceding exper- 
iments with wheat gluten. 

The animals of group I received 9% blood protein and of 
group II 9% yeast protein in their diets. Neither of these 
groups showed increase in growth. The animals of group III, 
receiving a diet containing 4.5% blood and 4.5% yeast pro- 
tein, gained 16, 15, 17 and 22 gm. In group IV, where diets 
containing 9% yeast and 9% blood protein were fed in rotation 
at 10-hour intervals for 16 days, no growth occurred. The 
changes in weight were — 9, —3, +2 and —5 gm for the 4 
groups, respectively. The paired-fed rats of groups III and 
IV consumed 145 ± 12 gm of food each for the 16-day period. 

These experiments indicate that yeast and blood proteins 
supplement each other’s growth-promoting properties only 
when fed simultaneously. 

Experiments with yeast and wheat gluten 

In a third group of experiments we selected, as comple- 
mentary proteins, yeast and wheat gluten. According to the 
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data of Block and Bolling (’45), yeast contains 6% lysine 
■while wheat gluten contains only 1.1%. Methionine, on the 
other hand, is present in high concentration in wheat gluten 
(5.5%), and is low in yeast (2%). In control experiments it 
was shown in confirmation of the data of Klose and Fevold 
(’45), that yeast protein fed on a 9% basis does not promote 
growth in infant rats; wheat gluten was likewise unable to 
promote growth when fed on this basis. 

In order to investigate their complementary effects on each 
other, a diet was fed containing 4.5% wheat gluten and 4.5% 
yeast protein to 4 rats in group III. These animals showed 
a very good growth, gaining 24, 22, 28 and 30 gm, respec- 
tively, during the 16-day experimental period. To group IV 
was fed alternately, for two 10-hour periods, a diet contain- 
ing 9% wheat gluten, and one containing 9% yeast protein. 
The change in body weight was insignificant ; one animal lost 
4 gm and the others gained 3, 4 and 6 gm, respectively. The 
total food consumption for each animal subjected to paired 
feeding was 222 ± 8 gm. 

These experiments indicate that when yeast protein and 
wheat gluten protein are fed together they supplement each 
other’s amino acid deficiencies but that feeding these proteins 
at separate times interferes with their effective complemen- 
tary actions. 

It may therefore be concluded that, as in our earlier exper- 
iments with amino acid mixtures, the building stones of de- 
ficient proteins cannot be stored, and that the delayed pro- 
vision of the missing factors is ineffective not only when they 
are fed as free amino acids but also when they are supplied 
in the form of proteins. 

A consequence of these experiments seems to be the con- 
clusion that supplementary proteins of individually low 
biological value must be fed together in order to achieve 
their optimum utilization. 4 

After presenting these results at a meeting of the American 
Association for the Advancement of Science, San Francisco, 

4 Editorial, Nutrition Eeviews, 5 : 316 (1947). 
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1948, our attention was called to a paper by Henry and Eon 
( ’46), who found that milk and potato, and bread and cheese, 
exhibit supplementary relationships only if fed together and 
not if fed separately on alternate days. These results are in 
complete agreement with our conclusions. It is, however, 
possible that in the experiments of Henry and Kon, where 
only highly complex foods such as bread, cheese or potatoes 
were investigated, some factors other than protein may be at 
least partially responsible for the results. 

SUMMARY ■ 

The question was investigated of whether supplementary 
proteins of low biological value promote the growth of infan- 
tile rats when fed individually at different times. 

It was found that yeast, blood and wheat gluten proteins 
do not promote growth when fed individually at a 9% level. 
Diets containing wheat gluten + blood protein, or yeast + 
blood protein, or yeast + wheat gluten protein, have satis- 
factory growth-promoting properties. If, however, these 
same pairs of proteins are fed separately with lapses of 
time between feedings, they do not supplement each other, 
as is indicated by the lack of resulting growth. 

These experiments show that delayed provision of the miss- 
ing essential amino acids is ineffective, not only when fed 
as the amino acids themselves (Geiger, ’47), but also when 
they are supplied in the form of proteins. 
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BORDEN AWARD IN NUTRITION 


Nominations are solicited for the 1949 Award of $1000, and 
a gold medal made available by the Borden Company Founda- 
tion, Inc. The American Institute of Nutrition will make this 
award in recognition of distinctive research by investigators 
in the United States and Canada which has emphasized the 
nutritive significance of the components of milk or of dairy 
products. The award will be made primarily for the publica- 
tion of specific papers, but the judges may recommend that it 
be given for important contributions over an extended period 
of time. The award may be divided between two or more 
investigators. Employees of the Borden Company are not 
eligible for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute in the spring of 1949. To be considered for 
the award, nominations must be in the hands of the Chairman 
of the Nominating Committee by January 15, 1949. The 
nominations should be accompanied by such data relative to 
the nominee and his research as will facilitate consideration 
for the award. 

James M. Orten 
College of Medicine , 
Wayne University, 
Detroit, Michigan 

Chairman, Nominating Committee 
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MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWARD 


Nominations are solicited for the 1949 Award of $1000, 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute in the 
spring of 1949. 

The Award will be given to the laboratory (non-clinical) 
or clinical research worker in the United States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year, January 1 to December 31, the most 
meritorious scientific report dealing with the field of the 
‘B-complex’ vitamins. While the award will be given primarily 
for publication of specific papers, the judges are given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the award be made to a worker for valuable 
contributions over an extended period but not necessarily 
representative of a given year. Membership in the American 
Institute of Nutrition is not a requisite of eligibility for the 
award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1948 must be in the 
hands of the Chairman of the Nominating Committee by 
J anuary 15, 1949. The nominations should be accompanied by 
such data relative to the nominee and his research as will 
facilitate the task of the Committee of Judges in its con- 
sideration of the nomination. 


Harold H. Williams 

Cornell University , Ithaca , N. 7, 


Chairman, Nominating Committee 
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OSBORNE AND MENDEL AWARD 


Nominations are invited for the Osborne and Mendel Award 
of $1000, established by the Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a 
Jury of Award, has made the most significant published con- 
tribution in the year preceding the annual meeting of the 
Institute, or who has published a series of contemporary 
papers of outstanding significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may 
be divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of 
time, are not excluded from consideration. Membership in the 
Institute of Nutrition is not a requirement for eligibility and 
there is no limitation as to age. 

Nominations may be made by anyone. Nominations for the 
1949 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating Committee before January 15, 1949. 

D. W. Woolley 

Rockefeller Institute for 

Medical Research , New York, N . Y. 

Chairman, Nominating Committee 
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